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SPmAL ORIGm OF THE VENTRAL SUPRAOPTIC 
DECUSSATION (GUDDEN’S COmHSSURE) IN THE 
SPIDER MONKEY* 

By HSIANG-TUNG CHANG and THEODORE C RUCH 
Lahoraiori/ of Physiology, Yale University School of Medicine, New Haven, Connecticut, 
and the Department of Physiology and Biophysics, University of Washington School 
of Medicine, Seattle, Washington 

INTRODUCTION 

The origin of the fibres in the ventral supraoptic decussation has been disputed since 
its disco%ery by von Gudden (1870) Earlier vorkers were largely concerned with 
demonstrating Gudden’s commissure as an anatomical entitj' Attempts to deter- 
mine the source and destmation of its constituent fibres have been mconclusive, 
although various structures above the midbram, especially the medial geniculate 
body, have been suggested as sites of origin and termination That a component of 
Gudden’s commissure originates in the spinal cord has been completely unsuspected, 
apart from a suggestion by Magoun & Ranson (1942) that such fibres might come 
from levels below the pons 

In studying the ascending fibre systems from the caudal segments of the spmal 
cord m the spider monkey, secondar}'^ degeneration iv as seen m Gudden’s commissure 
At first, considered as an artefact, it was subsequently verified in six preparations 
The degenerated fibres in Gudden’s commissure, together with other degenerations 
in some of those specimens, were illustrated graphically m one of our earlier com- 
munications to this Journal (Chang c& Ruch, 1947) The existence of this system of 
fibres alters our conception of the functional significance of Gudden’s commissure, 
which is based on the behef that it serves as an interconnexion between the medial 
geniculate bodies or inferior colliculi of the two sides 

MATERIAL AND METHODS 

Lesions were made aseptically at selected levels of the spinal cord m five spider 
monkeys {Ateles) and one cat A second operation was performed on one animal in 
which the caudal segment of the spinal cord had been divided 6 months previously 
Various periods of time (from 14 to 80 da3^s) were allowed for secondary degenera- 
tion of the ascending nerve fibres Under deep Nembutal anaesthesia, the vascular 
system was perfused with a mixture of equal parts of 3 % magnesium sulphate and 
3% potassium dichromate, without previous washing with saline The bram and 
spmal cord were removed immediatel}', and placed in 10 % neutral formalin Everj' 
precaution was taken to avoid unnecessarj’’ handling of the nervous tissue After 
24 hr the brain and critical segments of the spmal cord w ere sliced into sections 

* This paper constitutes a port of a dissertation presented to the Faculty of the Graduate School of 
Yale Unirersiti hj H T Chang in candidocj for the Degree of Doctor of Philosophy Aided by a grant 
from the Fluid Keseareh Fund, Yale University School of Medicme 
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about 3 mm thick, and trimmed Selected slices were then transferred, without 
washing, to the chlorate-osmic-formahn mixture of Swank & Davenport (1935) 
The brain slices were placed flat on a sheet of blotting-paper in a Stendcr dish 
which was closely covered and left in the dark The mixture was agitated, and the 
pieces of tissue turned over daily After 8 days the slices were washed, dehydrated 
with alcohols and embedded in celloidin in the shortest possible time Satisfactory 
results were obtained by completmg the whole process from dehydration to mounting 
m 2 days Sections were cut 50 p thick, and mounted in balsam with glass cover slips 


RESULTS 

Expenment 1 Spidei monkey senes no 13, adult male Spinal tiansechon at Ca. 

(1 Sept 1944) Killed 1 Oct 1944 

Lesion At the level of the lesion, the nervous tissue was completely destroyed, 
and replaced by scar tissue Microscopical exammation reveals no intact nerve 
fibres there 

Histological examination Immediately above the lesion degenerated fibres cross 
m the ventral commissure, pass tlirough the grey matter of the ventral horn, and 
reach the ventrolateral funiculus A compact group of degenerated fibres, whicli 
can be traced throughout the spmal cord and medulla, is present in the periphery of 
Gowers’ ventrolateral fasciculus In the midbrain, a number of the degenerated 
fibres are grouped m the dorsal part of the posterior commissure The rest of them 
curve ventrolaterally tlirough, or over, the ventral part of the medial geniculate 
body and join the fibre bundles along the medial border of the optic tract Fibres 
also pass through the dorsal aspect of the basis peduncuh At the anterior end of the 
thalamus, the course of the degenerated fibres can be followed along the dorso-medial 
border of both optic tracts (PI 1, fig 1) Those fibres do not intermingle with the 
fibre bundles of the dorsal supraoptic decussation — pars ventrahs (Meynert’s com- 
missure) — although they are in close relation to it On the other hand, the decussating 
degenerated fibres are conspicuously present in Gudden’s commissure After 
crossing they travel along the border of the optic tract toward the ventromedial 
part of the globus pallidus, but none of the fibres actually enters that nucleus The 
final destination of these fibres is not determinable, because the serial sections at 
this level are incomplete 

Expenment 2 Spidei monkey senes no 17, one-year-old female Spinal transection 
at Ca^ (28 Nov 1944) Killed 11 Dec 1944 

Lesion Sections at the level of the transection showed that the spinal cord ivas 
completely interrupted Damage to the spinal cord was somewhat greater on the 
right side than on the left 

Histological examination Degenerated fibres on both sides of the cord can be 
traced from Gowers’ fasciculus to the midbrain and thalamus In this specimen, 
the midbrain and thalamus were cut in a more frontal plane, giving sections difTcrent 
m appearance from those in Experiment 1 Sections cut at the level of the posterior 
commissure show a few degenerated fibres, emanating from the spinothalamic tract 
in the dorsolateral tegmental region, which turn laterally and then vcntrally throug 
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the medial geniculate body to its lateral border Traced upward through seAeral 
sections, these fibres can be followed to the medial border of the optic tract near the 
lateral geniculate body Relatn ely more abundant are the degeneration products m 
the fibre layer between the medial geniculate body and the lateral geniculate body 
Degenerated fibres are seen in the dorsolateral aspect of the basis peduneuli where 
their orientation suggests them commg from the region of the nucleus peripedun- 
cularis and the posteroventral border of the thalamus In some sections, especially 
on the right side, degeneration products are seen about the medial region of the 
nucleus pregeniculatus where thej"^ seem to termmate (PI 1, fig 2) In other sections, 
fibres near the nucleus pregeniculatus shift dorsally towards the ^ entral nucleus of 
the thalamus At still higher levels, dark degeneration granules are arranged m 
rows along the junctional border of the optic tract and the fibre bundle of Jlejmert’s 
commissure which is distinguished by its lighter colour m the Marchi preparations 
Degeneration in the optic chiasma is confined to Gudden’s commissure 

Evperiment 3 Spider monkey series no 14, adult female Left hemisection at Ca^ 
(8 Sept 1944) Killed 26 Sept 1944 

Lesion The hemisection of the cord was complete except for a part of the fumculus 
sulcomarginahs near the ventral median sulcus On the right, only the medial 
margin of the dorsal column n as mvolved 

Histological examination Ascending degenerated fibres are present on both sides 
m the fasciculus ventrolaterahs superficiahs of Gowers, but are more numerous on 
the operated side throughout the spinal cord Before reachmg the thalamus, some 
fibres leave the dorsal tegmental region of the midbram to curve dorsall}'^ or ventraUy 
or to pierce the anterior part of the medial geniculate bodj , and finaU}’’ join the most 
medial fascicle of the optic tract Sections from the anterior mesencephalon clearly 
show that degenerated fibres sn eep over the most dorsal aspect of the pes peduncuh, 
and go to the medial border of the optic tract where the}’- enter the lateral gemculate 
body Many vanous-sized particles of degeneration material are collected m the 
tricuspid area formed by the pes peduncuh, medial gemculate body and the lateral 
geniculate body (PI 1, fig 3) This can be seen on both sides of the bram 

PI 1, fig 4 demonstrates the presence of degenerated fibres m the posterior part 
of the optic chiasma, n here the unaffected dorsal supraoptic decussation can be seen 
lying between the third ventncle and the degenerated fibres 

Experiment 4: Spider monkey series no IS , adult female Unilateral anterolateral 
chordotomy at on the right (5 Jan 1945) Killed 26 Jan 1945 
Lesion Although the primary lesion was confined to the anterolateral funiculus 
of the right side, some fibres in Flechsig’s lasciculus also underwent degeneration, 
which IV as probably the result of an accidental trauma or of a vascular disorder 
occasioned by the near-b} lesion But this does not affect the degeneration picture 
in the midbram and thalamus The pnmar}- lesion was a triangular area mth an 
obtuse angle directed medially The side along the ventrolateral peripher}’ was about 
2 mm m length The dorsal spmocerebellar tract and the p}Tamidal tract escaped 
direct mxolvement m the lesion The other side of the cord was normal 

Histological examination In the anterior part of the midbram degenerated fibres 
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are seen m the medial lemniscus, and occupy a fairly large area in the dorsolateral 
tegmentum on the operated side The corresponding area on th,e other side is free of 
degeneration At the level of the posterior commissure, the degenerated fibres begin 
to radiate in various directions Some, which are directed ventrolaterally, pass 
through the medial geniculate body and the dorsolateral border of the pes peduncuh 
Some degeneration product is deposited in a tricuspid area formed by the nucleus 
peripeduncularis, and the medial and lateral geniculate bodies On the other side of 
the same section, the medial geniculate body contains no degenerated fibres From 
the dorsolateral aspect of the pes peduncuh the degenerated fibres can be followed 
along the medial border of the optic tract to the optic chiasma where they cross in 
Gudden’s commissure (PI 2, fig 7) The number of degenerated fibres in Gudden’s 
commissure in this specimen is greater than in any of the other animals studied The 
distribution of the degenerated fibres m the optic tracts is symmetrical 

/ 

Expel iment 5 Spider monkey senes no 19, adult female First opeiahon spinal 
tiansection at Ca^ (13 July 1945) Second operation left hemisection at Lj 
(10 Jan 1946) Killed 30 Jan 1946 

Lesions Histological sections at the site of the first lesion were not made, but the 
degeneration picture in the segment above the lesions suggests a complete tran- 
section The medial margin of the second lesion is sharp and does not extend to the 
right side The hemisection is complete apart from a very narrow strip along the 
median line 

Histological examination At the level of the inferior collicus, degenerated fibres 
stream dorsally parallel, and largely medial, to the lateral lemniscus They apparently 
turn dorsally before the medial lemniscus fibres do, since the mam body of the latter 
still remains in the tegmentum near the pons while the majority of the former has 
already reached the parabigeminal region beneath the inferior colliculus At the 
junction of midbrain and thalamus some degenerated fibres leave the mam stream 
of thalamopetal fibres, pass through the nucleus peripeduncularis around the dorsal 
aspect of the pes peduncuh and proceed to the medial border of the optic tract 
There are few of these fibres — the fewest encountered in the five spider monkeys 
observed This system of degenerated fibres, coursing within Gudden’s commissure, 
reappears in the optic tract of the opposite side The position of the fibres m the 
chiasma is ventral to Meynert’s commissure The small fibre strand of Ganser s 
commissure stands out beneath the recess of the third ventricle as a separate unit 

ORIGIN, COURSE AND TERMINATION OF THE SPINAL 
COMPONENT OF GUDDEN’S COMMISSURAL FIBRES 

Oi igin Degenei ation of fibres in the ventral supraoptic commissure was produced 
by transection, hemisection and anterolateral section of the spinal cord at various 
levels It is evident that some of the fibres in Gudden’s commissure have their cells 
of origin m the spinal cord 

The lover limit of the spinal origin is established by the fact that sccondarj 
degeneration was present in Gudden’s commissure after transection of t c spina 
cord at the first caudal segment Cells in the conus of the spinal cord must contribute 
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some fibres to that commissure ■w hich, therefore, carries some of the longest ascendmg 
fibres m the central nervous sj-^stem 

The caudal cord region is not the sole ongm of the supraoptic decussational fibres 
in question, smce lesions at higher levels of the spmal cord produce more decussational 
degeneration than does a spinal transection at the caudal region Especially, the 
number of degenerated fibres in Gudden’s commissure is greater (though not very 
much greater) in spider monkey no 18 (vnth an anterolateral chordotomy at C 3 ) 
than m the annuals no 13 and no 17 (spinal transection at Ca^) or no 14 (spinal 
hemisection at Ca^) Thus, additional fibres must be contributed from the segments 
betueen C 3 and Ca^ Furthermore, degenerated fibres in Gudden’s commissure are 
demonstrable follou mg a hemisection at the level of the first lumbar segment of a 
monkey m which the caudal cord had been transected 6 months prenously The 
appearance of neu degeneration in the decussation proves that the lumbar and 
sacral segments contribute fibres to the ventral supraoptic decussation Therefore, 
it IS believed that this system of fibres ongmates from aU levels of the spmal cord, 
but the contribution from the caudal segments of the spider monkey, which are very 
highlj' developed (Chang & Ruch, 1947 a), seems disproportionately great It remains 
unknown u hich group of cells in the grey matter of the spmal cord gives origin to 
these fibres 

Unilaterahty versus bilaterahty Hemisection of the spmal cord gives rise to some 
degeneration in the anterolateral funiculus of both sides However, degenerated 
fibres traversing the medial geniculate body are present onij’' on the operated side 
(PI 2 , fig 6 ) The medial geniculate body on the unoperated side is virtually free of 
degenerated fibres (PI 2, fig 5), despite their fairly large number m the anterolateral 
column on the unoperated side It is assumed that the degenerated fibres ascendmg 
contralaterally to the lesion are of the same category as the bulk of the fibres 
ascendmg on the side of the lesion — namely, spinothalamic, ventral spmocerebeUar 
fibres, etc — origmatmg at the site of the lesion, or erossmg obliquely through the 
lesion Since such contralateral fibres do not pass through the contralateral geni- 
culate bodj, as mentioned above, it follows that similar fibres crossing the spmal 
cord below the lesion and ascendmg on the side of the lesion are not responsible for 
the degeneration m the ipsilateral medial geniculate region This suggests that fibres 
ascendmg from the lesion to the decussation must originate on the same side of the 
spinal cord as, and below the level of, the lesion 

Course If the above is correct, avons destmed for the supraoptic decussation, 
after emerging from cells in the grey matter of the spmal cord, turn laterally to the 
ventrolateral funiculus on the same side, where they mtermmgle wnth the fibres of 
other ascendmg systems and ascend the cord wnthout much change m course In 
the lower medulla, they occupj , along with the others, a region between the inferior 
olive and the descending tngeminal tract at the ^ entrolateral periphery of the 
medulla After the divergence of the spmobulbar and spmocerebeUar components 
from the composite fibre bundle of Gowers’ fasciculus, they proceed farther upwards 
in company -with the spmocoUicular and spmothalamic fibres They cannot be 
distmgmshed topographicaUy from the fibres of the other systems throughout their 
ascending course until the posterior end of the thalamus is reached, where they 
cun e lateraUy and pass through the dorsal end of the basis peduncuh, the medial 
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course of the supraoptic fibres of spinal origin in Gudden’s commissure, and those 
leading to the pars ventrahs of the lateral geniculate body, mth the post-decussa- 
tional fibres of Gudden’s commissure ’V¥ith respect to the human brain, Gardner t't 
Cuneo (1945), on the basis of Marchi preparations from a patient who died 21 days 
after an anterolateral ehordotomy at the upper thoraeic portion of the cord, briefly 
described degenerating fibres ascending to the medial genieulate body They did not 
desciibe the further course of those fibres In the light of the present study, it is 
quite possible that these were supraoptic decussational fibres of spinal origin 

SUMMARY 

A previously undescribed component, of spinal origin, m Gudden’s commissure was 
demonstrated by the Marehi method in five spider monkeys Degenerated fibres 
were found in Gudden’s commissure after transection, hemisection or anterolateral 
ehordotomy at various levels of the spinal cord Following spinal lesions some of the 
ascending degenerated fibres in Gowers’ fasciculus can be traeed upwards to the 
anterior end of the midbrain where some of them pass through the dorsal aspect of 
the basis peduncuh, the medial geniculate body, and the space between these two 
structures to jom the medial border of the optic tract After crossing m the ventral 
supraoptic decussation of Gudden, the degenerated fibres turn back along the 
medial border of the optic tract of the opposite side and finally disappear into the 
region of the nucleus pregeniculatus and the region beneath the medial geniculate 
body None of these fibres was observed termmating in the hypothalamus or the 
globus palhdus, nor did they appear to traverse or to end in the medial geniculate 
body of the side opposite to the lesion 
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EXPLANATION OF PLATES 
All photographs are unretouched 
Plate 1 

Fig 1 Degeneration m the dorsomedial fascicle of the optic tract, spinal transection at Caj (S3IS 13) 
20 X OT = optic tract 

Fig 2 Degenerated fibres m the neighbourhood of nucleus pregeniculatus (S3I& 17, after a spinal 
transection at Caf) 20 x iG-'=lateral gemculate body, 7’A=thalamus 

Fig 3 Degenerated fibres passing over the dorsolateral aspect of the pes pedunculi (S3IS 14 spinal 
hemisection at Goj) 20 x i(?=lateral gemculate body, J/(7=medial gemculate body, PP =pes 
pedunculi 

Fig 4 Degenerated fibres m Gudden’s commissure (SMS 14, spmal hemisection at Coi) 42 x 0(7= optic 
chiasma, 3F=3rd ventricle 

Plate 2 

Fig 5 Showing the absence of degenerated fibres traversmg the medial gemculate body on the left side 
and the presence of degenerated fibres m the dorsolateral aspect of the pes peduncuh S3IS 18 20 x 
iG=lateral geniculate body, J/(7 = medial gemculate body, PP=pes peduncuh 

Fig 6 Taken from the same section as Fig 6, showmg the pre decussational stretch of the degenerated 
fibres passmg through the medial gemculate body to the medial border of the optic tract on the 
operated nght side SMS 18 20 x 

Fig 7 Section taken at the level of the posterior end of the optic chiasma showmg the degenerated fibres 
m Gudden’s commissure after umlateral anterolateral chordotomj at (7, S31S 18 28 x 
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ALKALINE PHOSPHATASE IN THE UTERINE 
EPITHELIUM OF THE RAT 

By J J PRITCHARD 

Department of Anatomy, St Mary's Hospital Medical School, London 

INTRODUCTION 

Recently it has been shown by a number of workeis that the phosphatase activity 
of certain parts of the reproductive tract is under the control of the gonadal 
hormones 

Thus, in the dog (Huggins, Masma, Eichelberger & Wharton, 1939 ) and rhesus 
monkey (Gutman & Gutman, 1939 ) androgens promote the secretion of acid phos- 
phatase by the prostate In the castrated mouse the administration of oestrogens 
leads to a marked increase in the alkaline phosphatase content of the surface and 
glandular epithelium and circular muscle of the uterus (Atkinson & Elftman, 1946 , 
1947 ) and of the vaginal epithelium (Jeener, 1947 ) In the castrated monkey 
oestrogens increase and progesterone decreases the alkaline phosphatase activity 
of the endometrium (Atkinson & Engle, 1947 ) The same workers showed that this 
enzyme was present in high concentration in the human endometrium during the 
proliferative (follicular) phase of the menstrual cycle, but was absent in the secretory 
(luteal) phase Pritchard ( 1948 ) found that alkaline phosphatase disappeared from 
the uterine epithelium of the pregnant rat during the active life of the decidua, but 
reappeared in the latter third of pregnancy 

These observations, though they substantiate the thesis that the phosphatases of 
the reproductive tract are controlled by the gonadal hormones, give little infor- 
mation as to the precise cytochemical changes involved, or their significance 
It was therefore decided to investigate in detail the distribution and activity 
of alkalme phosphatase in the uterme epithelium of the rat (a) at different stages 
of normal reproductive life, {b) following ovariectomy, and (c) following the 
admmistration of stilboestrol and progesterone 

It was hoped that by these means the precise effects of the ovarian hormones on 
the alkaline phosphatase activity of the uterme epithelium might be determined, 
and a basis provided for further research on the significance of this enzyme in repro- 
duction 

MATERIAL AND METHODS 

Ninety -two piebald and albino rats of the Lister stram were used in tlie investigation 
Their uteri were exammed for alkaline phosphatase activity at the following stages 
of normal reproductive life, and after the following experimental procedures 

(a) Before puberty (seven animals) 

(b) During normal oestrous cycles (twenty-four animals) 

(c) During normal pregnancy (twenty-eight animals) 

(d) Durmg lactation (three animals) 
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(e) Durmg pseudopregnancy (one animal) 

(/) Durmg anoestrus (two anunals) 

(g) After bilateral ovaneetomj (six animals) 

(/i) After the administration of stilboestrol (ten animak) 

(i) After the admmistration of progesterone (elei en animals) 

Further details wiU be found m the section of the paper dealmg with results 

The timmg of the phases of the oestrous cycle was determmed from daily, and 
sometunes twice-dailj , vaginal smears The day after the discoi erj' of spermatozoa 
in the smear was taken as the first day of pregnane}’’ 

Ovanectomy vas performed 'with aseptic precautions under ether anaesthesia 
through bilateral dorsal incisions Both ovaries, uterme tubes, and small portions 
of the upper ends of the uterme horns, together with surrounding fat, were extir- 
pated 

Stilboestrol was admmistered m oily solution by subcutaneous mjection m smgle 
doses ivhich i aried from 50 to 400 y m different animals Progesterone was adminis- 
tered m similar fashion in smgle or repeated doses of 5 mg 

Histological technique 

In the lactatmg animals one uterme horn was removed under ether anaesthesia, 
in the other cases the uten were removed post-mortem 

The uten ere fixed for 24 hr in three changes of absolute alcohol, embedded m 
parafiBn, and cut at a standard thickness of 8/i 

Sections were flattened and dned on the slide with a mmunum of heatmg 
After removal of v ax the slides v ere coated vith a thm film of celloidin, passed 
to water, and then incubated for 2 hr at 37° C , "with frequent agitation, m the 
sodium glycerophosphate substrate 

The solution used differed shghtly from that onginaUy employed by Gomon (1939) 
and was made up as foUoiv s 2 % sodium gl} cerophosphate (5 parts), 2 % calcium 
nitrate (5 parts), 1 % magnesium chloride (2 parts), 0 1 % sodium hydroxide (3 parts), 
distilled vater (30 parts) This mixture had a pH of 9 5 

Following incubation the calcium phosphate precipitated at sites of alkalme 
phosphatase actmty was converted into cobalt sulphide in the usual way A dense 
black precipitate of cobalt sulphide was interpreted as mdicatmg intense alkalme 
phosphatase actmt}’ at the site of deposition, a dark broivn precipitate as moderate 
acti-vity, and a light bro’wn one as slight activit} 

In the description of mdiiidual specimens, howeier, the words ‘stamed for 
phosphatase’ wall be used as meaning ‘showed a precipitate of cobalt sulphide’ or 
‘exhibited alkalme phosphatase activity’ 

Terminology 

In describing the locahzation of phosphatase activit} m glandular and surface 
epithelial cells, the cytoplasm betw een the nucleus and the basement membrane will 
be termed the basal cytoplasm, and that between the nucleus and the free surface 
of the cell, the distal c}’toplasm The narrow zone of specialized eosinophilic ci’to- 
plasm immediateh adjacent to the lumen will be termed the distal band 
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RESULTS 

This paper is primarily concerned .with a description of the changes in alkaline 
phosphatase activity in the epithelial lining of the uterus, and with a correlation of 
these changes with the physiological activity of the uterus 
At one time or another most of the other tissues of the uterus also showed phos- 
phatase activity in greater or lesser degree but, with a few exceptions, physiological 
correlations were difficult to establish Only a brief general statement about phos- 
phatase activity m these other tissues will therefore be given before passing to the 
detailed observations made on the surface epithelium 

Mnsculai is 

Ten days after birth (rat 62 a, PI 1, fig 1) both circular and longitudinal coats 
stained for phosphatase Staining was predominantly nuclear, and the nuclei of the 
circular coat were more heavily stamed than those of the longitudinal coat At the 
mesometnal and anti-mesometrial extremities of the uterus the nuclei of the 
circular coat were particularly heavily stained 

At 21 days (rat 53) staining m these regions was greatly reduced in intensity 
At 28 days (rat 62 Zi, PI 1, fig 2) the muscular coats were completely unstained, 
except at the mesometnal pole where a small patch of the circular coat showed 
moderately stained nuclei All older animals were similar to this one m respect of 
phosphatase activity m the muscularis 

Siioma 

On the basis of phosphatase activity two regions could be differentiated (PI 1, 
figs 1, 2) The nuclei of the stromal cells m a zone beneath the surface epithelium 
and around the glands always showed some activity, which varied in intensity from 
slight to moderate at different phases of the life history of the animal The nuclei of 
the outer stromal cells lying adjacent to the circular muscle coat were always 
inactive The stromal cytoplasm was inactive 

There was some evidence that the activity of the nuclei of the inner part of the 
stroma varied inversely with the intensity of oestrogenic stimulation, but the changes 
were toq slight for this to be claimed with any certainty 

Blood vessels Capillary endothelium invariably showed intense nuclear and cyto 
plasmic phosphatase activity (PI 1, fig 4, PI 2, fig 6) The nuclei in the adventitial 
coat of the mesometnal arteries were also intensely active in all the specimens 
exammed 

Leucocytes During the normal oestrous cycle polymorphonuclear leucocytes were 
always present between the stromal cells, and in late oestrus and metoestrus they 
were present between the epithelial cells also Their nuclei and cytoplasm always 
iwed intense phosphatase activity 

Glandular epithelium The nuclei always showed moderate to heavy activi > 

1, fig 3) in the nuclear membrane, nucleoli and chromatin granules The asa 
’ sm was invariably inactive, but the distal cytoplasm usually showed diffuse 
, varying m intensity both from cell to cell m the same tubule, and irom 

« animal 
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In many cells the distal cjdoplasmic band shon ed mtense phosphatase acti^nty 
The secretion withm the glandular lumen -was also intensely active , 

There was some e%ndence that phosphatase activity, in nuclei and cj^oplasm 
ahke, was increased during oestrogenic stimulation, but as m the case of the nuclei 
of the stromal cells, the results were not definite enough to establish this with 
eertamty 


SURFACE EPITHELIUM 

The uterme cavity of the rat is lined a single layer of non-ciliated columnar 
epithelial cells supported, at most times, a well-marked basement membrane 
The height of the epithelium undergoes marked changes durmg the oestrous cycle 
and pregnancy (Allen, 1931), dependmg chiefly on the level of oestrogenic stimu- 
lation (Atkinson & Hooker, 1945) During pro oestrus the height of the epithelium 
IS inversely related to the degree of uterine distention 

In late oestrus the epithelium undergoes degenerative changes associated vuth the 
appearance of large vacuoles in the C3rtoplasm, and polymorphonuclear leucocytes 
between the cells (Long & Evans, 1922) The basement membrane is lost at this 
stage 

During metoestrus the epithelium is repaired and mitotic figures make their 
appearance These are seen again m the later stages of dioestrus 

Secretory activity is high during pro-oestrus when the secretion distends the 
uterus to about three times its ordmary size 

These morphological changes m the epithelium, while insufficient for certam 
diagnosis of a particular phase of the oestrous cycle, provide a useful check on the 
deductions made from the vagmal smear For this reason an estimate of the height 
of the epithehum (obtamed bj*^ averaging six measurements made with a micrometer 
eyepiece on portions of the epithehum selected at random) wiU precede the description 
of phosphatase activity m each specimen, and the presence of vaeuolation, leucocytic 
infiltration or secretory activity will be noted wherever these phenomena vere 
observed 

Generally, the nuclei and distal cytoplasm of the surface epithehum stamed for 
phosphatase The basal cytoplasm was always imstained The distal cytoplasm, 
apart from the distal band, stamed diffusely and rather unevenly m most specimens 
The distal band, when stained, appeared homogeneous, but close mspection showed 
that in reality it was finely granular 

Before puberty 

Ten days after birth (rat 62 a, PI 1, fig 1, PI 2, fig 7) the uterme epithehum 
averaged lift m height Heither nuclei nor cytoplasm stamed for phosphatase after 
the standard incubation time (2 hr ) 

At 8 veeks (rat 53) and 4 weeks (rat Q2b, PI 1, fig 2, PI 2, fig 8) the height of 
the epithehum was unchanged, but non the nuclei were famtly stamed for phos- 
phatase, although the cytoplasm remamed unstained 
At 6 V eeks, in one specimen (rat 54, PI 2, fig 9), the epithehum v as 16/t m height, 
in another (rat 71) it vas still only In both specimens the nuclei stained 

famtly Near the free border of the cells the cytoplasm shon ed a thin but distmct 
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It was concluded from this series of observations (1) that during pro-oestrus and 
^rly oestrus the distal band shows great phosphatase activity which giaduallv 
diminishes during the later stages of the cycle, and almost disappears during 
anoestrus, (2) that during the stage of uterine distention (late pro-oestrus and early 
oestrus) great quantities of phosphatase are secreted into the uterine lumen, and 
(3) that phosphatase activity m the nucleus and distal cytoplasm (excluding the 
distal band) varies inversely with that of the distal band, bemg lowest during pro- 
oestrus and highest during dioestrus 


PREGNANCY 

The uterine epithelium during pregnancy was studied in two series of rats In the 
first senes one rat was killed on each day of pregnancy up to full term In the 
second series fewer rats were employed and these were killed at intervals of 3 or 4 days 
Fust 4 days From the time of copulation up to and including the 4th day the 
changes in the epithelium, both as regards morphological characters and phos- 
phatase activity, were similar to those of late oestrus, metoestrus and dioestrus 
already described 

5th-12th days On the 5th day (rat 58) the epithelial height had fallen to lO/i, 
except at the mesometrial end of the lumen where taller cells were found In this 
latter situation the nucleus and distal cytoplasm stained faintly for phosphatase, 
and a thin, moderately heavily stamed distal band was present In the rest of the 
epithelium the cells did not stam at all Rat 5 was similar 

On the 6th day (rat 43) the epithelium had a similar height The nuclei everywhere 
stained faintly, but the cytoplasm, including the distal band, was unstained 
On the 8th day (rat 87) the epithelium was a little taller (15/i), but neither nuclei 
nor cytoplasm was stained (PI 3, fig 17) 

From the 9th until the 12th day the ehief changes noted were an increasing 
irregularity of the outline of the lumen and a ‘hillocky’ appearance of the epithe- 
lium The cells remained unstained 

13th day to full term (21st day) On the 13th day (rat 97) the epithelium was 15/i 
in height Both nuclei and cytoplasm were famtly stained for phosphatase A thin 
intensely stamed distal band was present in about one-half of the cells In rat 13, 
at the same day of pregnancy, the epithelium was similar except that the distal 
band was unstamed 

On the 14th day (rat 14) the distal band stamed intensely in all cells 
On the 15th day (rat 15, PI 3, Rg 18) the epithelium was taller (20/i) The nuclei 
were, for the most part, at the basal end of the cells as m pro-oestrus Both nuclei 
and distal cytoplasm were moderately heavily stained The distal band, however, 
was very wide and stamed intensely Moreover, great quantities of the enzyme 
were seen m process of secretion into the uterine lumen, again suggestive of pro- 
oestrus or early oestrus 

There were similar appearances in the epithelium throughout the remainder o 


Thus durmg pregnancy the uterine epithelium shows (1) normal oestrous and 
dioestrous appearances durmg the first 4 days, (2) virtual disappearance o ic 
enzyme betiveen the 5th and 12th days, and (3) reappearance of the enzyme on the 
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13th day, ■with great actmty m the distal band, and great secretory actinty, lasting 
until full term 

LACTATION 

Three animals only were investigated during lactation On the 4th daj"^ (rat 113) 
the epithelium was similar to that seen m late dioestrus and on the 4th day of 
pregnancy 

On the 8th day (rat 115, PI 4, fig 20) the epithelium -vvas tall (20/t) and the 
nuclei vere regularly arranged m the distal part of the cell The nuclei stamed 
moderately heavily as did the thin strip of distal cytoplasm between the nucleus 
and the distal band The latter n as fairly "wide, and hea^^ly stamed, though not so 
intenselj as m pro-oestrus 

On the 15th day (rat 116) the epithelium was not quite so tall (16/i), but the 
position of the nuclei, and the phosphatase stammg, were comparable ■with those of 
the prenous specimen 

PSEUDOPREGNANCY 

This condition vas not deliberately investigated, but in one animal (rat 81), which 
did not sho^w cychcal variations m the vaginal smear, the nuclei of the stromal cells 
were large, sphencal, and vesicular, as in early pregnancy and pseudopregnancy 
The animal vas not pregnant, and it was assumed that it was pseudopregnant, 
probably as the result of accidental stimulation of the cervix dunng the routme 
vaginal examination 

The uterine epithelium was moderately tall (15 (i) The nuclei stamed very famtly, 
and the cytoplasm, including the distal band, was quite unstained (PI 4, fig 19) 
The epithelium was therefore similar to that of animals between the 6th and 12th 
days of pregnancy 

OVARIECTOMY 

The uterine epithelium was exammed m bilaterally ovanectomized animals at 
intervals from the 8th day until 4 months after operation 

On the 8th day (rat 59, PI 4, fig 21) the epithelium was 10/^ m height The 
nuclei were moderately heavily stamed The distal cytoplasm stained faintlj’’ apart 
from the distal band, which was thin, but heanly stamed, m some cells Other cells 
shoved either faint staining or complete absence of staining in the distal band 
Similar appearances vere seen on the 9th day (rat 100) 

At the 15th day (rat 60) the epithelium was 9/< m height llTule the nuclei and 
general cytoplasm stained as before, the distal band was very thm and stamed with 
only moderate intensity In some cells it was absent altogether 
Rat 68, at the 14th day, v as similar 

Little change vas seen either in the morphological characters or m the phos- 
phatase stammg of the epithelium, at longer intervals after operation After 
4 months (rat 63, PI 4, fig 22) the nuclei stained vith faint to moderate intensit> , 
and the distal band, though extremely thm, still stamed heamly 
Thus, follo^wnng o%ariectomy, there is a marked reduction in phosphatase actmty 
m the uterine epithelium, although some activitj"^ persists for at least 4 months 
Fifteen days after ovariectomj the epithelium is very similar to that seen in anoestrus 
and m animals about 6 weeks of age 
Anatomy 83 


2 
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STILBOESTROL 

Immatwe animals In rat 71, 6 weeks after Ijirth the uterine epithelium was Un 
high, the nuclei and distal cytoplasm stained faintlj and a thin moderately heavily 
stained distal band was present 

Rat 71 a, a litter mate, was given SOy stilboestrol in oil by subcutaneous injection 
After 24 hr its uterine epithelium was 26/i m height The nuelei and distal cytoplasm 
stained moderately heavily The distal band was very much Avider than m the 
control, and stained intensely, and some heavily stained secretion was present 
withm the lumen 

Rat 72, another litter mate, was given a similar dose of stilboestrol Forty-eight 
hours later the uterus showed moderate pro-oestrous distention and its epithelium 
was very tall {SO ft) The nuclei and distal cytoplasm were less heavily stained than 
in the previous specimen, but the distal band was even ivider, and great quantities 
of secretion were seen passing into the uterine lumen (PI 4, fig 23) 

Rat 72 a, yet another litter mate, was given a similar dose of stilboestrol Four 
days later the uterus was undistended and its epithelium was 24/i m height, and 
showed commencing vacuolat degeneration The nuclei and distal cytoplasm stained 
moderately heavily, and the distal band was wide and intensely stained, but there 
was little secretory activity 

Ovaiieciomized animals In rat 69, 6 weeks after bilateral ovariectomy, the 
epithelium was 7 fi in height The nuclei stained faintly, the distal cytoplasm was 
unstained, and the distal band, when present, was very thin and only moderately 
heavily stained Rat 70, ovanectomized for a similar length of time, was given 
50 7 stilboestrol Forty-eight hours later the uterus was moderately distended and 
the epithelium was 25/t m height (PI 4, fig 24) The nuclei stained with faint to 
moderate intensity, and the distal cytoplasm was faintly stained The distal band 
was wide and very heavily stained and there was great secretory activity 

Rat 70 a Avas treated similarly, except that it was examined 4 days after the 
injection of stilboestrol The uterus Avas undistended and vacuolar degeneration and 
leucocytic infiltration of the epithelium AA’^ere marked The cells Avere 25/f high The 
nuclei and distal cytoplasm Avere moderately heavily stained The distal band Avas 
wide, and intensely stained, but secretory activity Avas minimal 

Rat 51, oA^ariectomized 3 months previously, Avas given 200 y stilboestrol Four 
days later the uterus Avas undistended The epithelium Avas extremely tall (40/t) and 
there was no sign of Amcuolar degeneration or leucocytic infiltration The nuclei 
stained very faintly and the cytoplasm Avas unstained In some cells the distal band 
Avas Avide and intensely stained, but in others it Avas unstained Very great quantities 
of heavily stained secretion, hoAvever, were present m the lumen Rat 64, also 
ovanectomized 2 months previously, was given 400 y stdboestrol Four days later 
the uterine epithelium was in a similar condition to that just described 

Rat 67, ovanectomized 24 days previously, was given 200 y stilboestrol 'nwee 
days later the uterus A\-as extremely distended and the epithelium A\as only / /( m 
height The nuclei stained faintly, but the cytoplasm, including the distal banc , 
was completely unstamed Great quantities of secretion, hoAvever, vere presen 

\vithm the lumen 
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Thus 50 y stilboestrol injected into either immature or o\ anectomized rats, repro- 
duces pro oestrous and oestrous conditions in the uterme epithelium, both as regards 
morphological and phosphatase characters With larger doses the enzjune disappears 
completel} from many of the cells, presumably because it has all been secreted mto 
the lumen 

PROGESTEROXE 

Rat 111 uas found to be in pro-oestrus at the time of the routine vaginal smear 
5 mg of progesterone in oil vere injected subcutaneously and the animal vas killed 
2 dajs later The uterme epithelium uas 16/< in height The nuclei and distal 
cytoplasm stamed moderatel}' heavily, and the distal band was moderately wide 
and intenselj stained The cells, m fact, stained as m earty dioestrus 

Rat 101, also m pro-oestrus, was given 5 mg progesterone and a similar dose 2 days 
later vhen killed Fne daj’-s after the first injection the epithelium vas 14// in 
height The nuclei stamed extremely faintly, and the cjdoplasm, including the distal 
band, v as completely unstained (PI 4, fig 25) 

Rat 112 vas also in pro-oestrus It was treated m a similar manner to the last 
named, except that it vas not killed until 8 daj’^s after the first injection The 
epithelium vas 15// high, and no phosphtase vas detectable in either nucleus or 
c} toplasm 

Rats 120, 121 and 122 vere treated similarly at pro-oestrus They vere killed 
11 days after the first injection Rat 120 shoved similar appearances to those just 
descnbed Rats 121 and 122, however, were m pro-oestrus and showed the cha- 
racteristic vrde heaMly stained distal band and minimally stamed nucleus and 
general cytoplasm 

Evidently progesterone causes the complete disappearance of phosphatase from 
the nucleus and cytoplasm, the effect beginning to wear off about 9 days after the 
last injection 

Rats 50 and 66 were injected vuth 5 mg progesterone 3 months after ovariectomy, 
and killed 5 days later The epithelium showed no significant differences from that of 
untreated o^ anectomized animals, so it would appear that progesterone leads to 
a disappearance of epithelial phosphatase only when it acts on Cells recently under 
the influence of oestrogens 

For convenience of cross-reference the more important observ^ations on the 
morphological characters and phosphatase activity of the uterine epithelium at the 
various stages detailed abov^e have been summanzed and tabulated (Table 1) 
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Table 1 {continued) 
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Pregnancy 
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4th day 
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Pseudopregnancy 
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30 

± 

0 

4- 4- 4- 4- 

+ 
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25 

8 

+ 

i 

+ 

+ + + + 
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uterus 

8 
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4" 
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15 

27 

30 
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4* 
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+ 
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+ 
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0 
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- 
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i 

+ to + + 

0 

4 - to 4- 4" 

0 

0 

— 

20 

16 

15 

+ + 

+ + 

i 

4- 4- 
4- 4- 

0 

+ + 

+ + 

0 

0 
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0 
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9 

7 
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± 

± 
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0 
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Stilboestrol to immature rats 
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30 

24 
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25 

25 
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10 mg 


48 hr 
5 days 
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30 


+ to + + 

+ + 


+ + 
± 
0 
0 
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+ 
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cogesterone to 
ovariectomized 

animals „ ,„imal activity, 

0, no phosphatase heavy activity 
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DISCUSSION 

This investigation has shown that the distnbution and intensity of alkaline phos- 
phatase activity ivithm the surface epithelium of the uterus of the rat exhibits gross 
vanations durmg normal reproductive life, followmg castration, and after the 
administration of stilboestrol and progesterone Variations in the activity of the 
enzyme vithin the other tissues of the uterus are of a mmor character, and of 
doubtful significance 

In the surface epithelium the alkaline phosphatase activity of the distal band of 
the cj'toplasm shovs the greatest variation The changes m the nucleus and distal 
cytoplasm, apart from the distal band, are definite but much less pronounced The 
basal cytoplasm never shows phosphatase activity Maximal activity m the distal 
band is associated mth secretion of the enzyme mto the uterme lumen 

The changes in cytoplasmic activity are largely independent of those occurring 
m the nucleus This is not surprising for, as was discussed m a previous paper 
(Pritchard, 1948), the cytoplasmic phosphatases appear to be chiefly concerned wnth 
functional changes m mature cells such as are mvolved, for example, in secretory 
activity, while the nuclear phosphatases are more concerned m the metabolic 
exchanges associated wnth cell division and differentiation 

The results summarized in Table 1 show that the effects of hormonal admmistration 
and ovariectomy on the distribution and activity of the enzjme in the uterine 
epithelium are closely paralleled by the changes occumng at certain stages of 
normal reproductive life 

Thus stilboestrol produces changes in the phosphatase activity of the uterme 
epithelium virtually identical with those found at pro-oestrus and in late pregnancy, 
when there is every reason for supposing that the endogenous production of oestro- 
gens reaches a high level (Selye & McKeowm, 1935) Progesterone, on the other 
hand, reproduces the conditions found m early pregnancy and pseudopregnancy 
when the endogenous production of progesterone is knowm to be at a high level 
(Atkinson & Hooker, 1945) There can be little doubt, therefore, that the naturally 
occurring variations in phosphatase activity”^ dunng the oestrous cycle and in 
pregnancy are determined by the levels of circulating oestrogens and progesterone 

Furthermore, the phosphatase activity of the uterine epithelium m the sexually 
immature animal is consistent with a rising but sub-threshold oestrogen level, and 
that of the anoestrous and castrated animal 'ivith a very low oestrogen level, which 
IS in accordance ivith what might have been expected in view of the conclusion 
reached above 

The phosphatase activity of the epithelium durmg lactation, how ever, appears at 
first sight to be at ^ ariance with w hat might have been expected Judgmg from the 
level of phosphatase actmty alone, a moderate level of oestrogenic activity might 
be inferred 

The ease with which deciduomata may^ be produced durmg lactation m the rat 
(Corner A Warren, 1919, Long <L Evans, 1922, Selye <L McKeown, 1935, Lyon <SL 
Allen, 1938) suggests that the le\el of circulating oestrogen is very' low In the 
mouse also there is ei idence that the oestrogen le\ el is very low durmg lactation 
(Atkinson Leathern, 1946) 



22 


J. J. Piitchaid 

It IS probable, however, that the production of oestrogens during laetation vanes 
from animal to animal For instance. Crew & Mirskaia (1930) state that while 
oestrous cycles are normally in abeyanee during lactation, they may be resumed if 
the number of young suekled is small Again, Krehbiel (1941) found that, depending 
on the size of the litter, a pregnancy of normal duration may accompany lactation 
m some cases, m others implantation may be delayed and pregnancy prolonged, in 
others agam pregnancy may fail with absorption of embryos In this connexion it 
may be significant that the rats employed in this investigation all had small litters, 
which would be compatible with a moderate level of circulating oestrogen as sug- 
gested by the level of phosphatase activity 

The functional significance of these changes m uterine phosphatase activity lias 
not yet been determined The fundamental role of the phosphatases is no doubt that 
of assisting m the hydrolysis of organic phosphate esters (]\Ioog, 1946), but as this 
type of chemical change occurs during the intermediary metabolism of carbo- 
hydrates, fats and proteins alike, and probably also in the transport of a wide 
variety of organic substances, as well as in the early stages of calcification, it is 
evident that the exact significance of variations m phosj^hatase activit}’- cannot be 
mfeired from purely histological studies One can only hope that the icsults 
obtained by histochemical studies such as this will point the way to significant 
biochemical investigations There is, for example, possibly a physiological significance 
m the fact that oestrogens cause not only a mobilization of phosphatase m the 
uterine epithelium of the rat but also of glycogen (Boettiger, 1946), while lipoids 
are sharply diminished (Bourg, 1930, Alden, 1946) Again, the secretion of great 
quantities of the enzyme into the distended lumen at oestrus may be associated m 
some way with the metabolism or motility of spermatozoa 

Whatever the underlying explanation may turn out to be, the fact that jihos- 
phatase activity m the uterus is so closely linked with ovarian function, makes it 
probable that the role of the enzyme in reproductive processes is an important one 


SUMMARY 


1 The alkaline phosphatase activity of the uterine epithelium of the rat has been 
investigated histochemically in the immature animal, throughout the oestrous cycle, 
m pregnancy, pseudopregnancy, lactation, after castration and following the 

administration of stilboestrol and progesterone 

2 Gross variations in the activity of the enzyme vere found, particularly m the 

distal band of cytoplasm bordering the uterme lumen , , , , r 

3 The lesults indicate that these variations are determined by the level o 


circulating oestrogens and progesterone 

4 Oestrogens cause a great concentration of the enzyme 
cytoplasm, and its secretion mto the uterine lumen 

5 Progesterone causes the disappearance of the enzyme 


m the distal band of the 
from all parts of the cell 



Journal of Anatomy, Vol 83, Pmt 1 


Plate 1 



> 9 


' 2 





U 



r 




rRllCHARD— >A.LK\i>rsE rHosriuTA.SE is the hteri>e EPrrnEuiTJi of the rat 



Plate 2 


Journal of Anatomy, Vol 83, PaA 1 



^RITCHARD-AI.KALI^L rnosmATASE ix hie etebim 


rilTIlFIIUM ot Tllf I 'T 


Jou'inal of Anatomy, Vol 83, Fait 1 


Plate 3 



Plate 4 


Journal of Anatomy, Vol 83, P^t i 


f - 



PRITCHARD — AnvAU^F niosPHATASc r\ thf utfrine FPiTHtuu'vt of thf rat 


Alkaline phosphatase in the uterine epithelium of the rat 23 


REFERENCES 

Alden R H (1946) Further studies on the alteration of epithehal fat m the rat uterus during the 
oestrous cycle, early pregnancy and in the treated and untreated castrate Anat Sec 94, 445-446 
Allen W 51 (1931) Cy chcal alterations of the endometnum of the rat during the normal cycle pseudo 
pregnancy and pregnancv Production of deciduomata during pregnancy Anat Sec 48, 65-104 
Atkinson, W B &. Elftman, H (1946) Effect of steroid sex hormones on distribution of alkahne 
phosphatase m uterus of mouse Proc Soc exp Biol , N Y , 62, 148-150 
Atkinson, W B A Elfthan, H (1947) 5Iobilization of alkahne phosphatase m the uterus of the 
mouse by oestrogen Endocrinology, 40 30-36 

Atkinson, W B A Engle, E T (1947) Studies in endometrial alkahne phosphatase during the human 
menstrual cycle and m the hormone treated monkey Endocrinology, 40, 327-333 
Atkinson, W B A Hookee C W (1945) The day to day level of oestrogen and progestm throughout 
pregnancy and pseudopregnancy in the mouse Anat Sec 93, 75-95 
Atkinson, W B A Leathem, J H (1946) The day to day level of estrogen and progestm dunng 
lactation m the mouse Anat Sec 95, 147-158 

Boettioeb, E G (1946) Changes m glycogen and ivater content of rat uterus J cell comp Physiol 
27, 9-14 

Boueo R (1930) Les lipides de l’epith4hum uterm et la tnade oestrale dans la reaction de Zondek chez 
la souns et le rat impuberes C S Soc Biol , Pans, 103, 918-919 
Corner G W A Warren, S L (1919) Influence of the ovaries upon the production of artificial 
deciduomata, confirmatory studies Anat Sec 16, 168-169 
Crew F A E A 5IrRSKAiA, L (1930) The lactation mterval m the mouse Quart J exp Physiol 20, 
105-110 

Goiioei G (1939) 5Iicro techmcal demonstration of phosphatase m tissue sections Proc Soc exp 
Biol , AM , 42, 23-26 

Gutsian aba Gutman, E B (1939) Acid phosphatase levels m prepubertal rhesus prostate tissue 
after testosterone propionate Proc Soc exp Biol , N Y , 41, 277-281 
Huggins, C , 5lAsrNA, 51 H , Eiohelbeeoer L A AVharton, J D (1939) Quantitative studies of 
prostatic secretion, charactenstics of normal secretion, influence of thyroid, suprarenal and testis 
extirpation and androgen substitution on prostatie output J exp Med 70 543-556 
Jeener R (1947) Cytochemical effects of oestradiol Nature, Bond 159 578 

Krehbiel, R H (1941) The effects of lactation on the implantation of ova of a concurrent pregnancy 
m the rat Anat Sec 81 43-65 

Long, J A A Evans H 51 (1922) The oestrous cycle m the rat and its associated phenomena Mem 
Univ Cahf 6, 1-148 

Lion, A A Allen, W 51 (1938) Duration of sensitivity of the endometnum during lactation in the 
rat Amer J Physiol 122 624-626 

5Ioog F (1946) The physiological significance of the phosphomonoesterases Biol Bev 21 41-59 
Pritchaed, j j (1948) The distnbution of alkahne phosphatase in the pregnant uterus of the jat 
J Anal Land 81, 352-364 

Selae H a 5IcKEO^v^ T (1935) Studies on the physiology of the maternal placenta m the rat Proc 
roy Soc B, 119, 1-31 


EXPLANATION OF PLATES 

All sections illustrated were stained exclusively for alkaline phosphatase Figs 1, 2 5 and 6 arc at 
a magnification of 150 The remamder at a magnification of 1350 In each of these two groups the 
photographs were obtamed under identical conditions of exposure development, etc Figs 7-25 show 
the uterine epithehum with some of the adjacent stroma at vanous stages of reproductii e life and after 
castration and the admmistration of stilboestrol and progesterone 

Plate 1 

Fig 1 A transverse section of the uterus of a 10 dav old rat 
Fig 2 A transverse section of the uterus of a 28 day old rat 
Fig 3 Part of a uterme gland dunng oestrus 
Fig 4 Part of the endometnum dunng oestrus 
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Plate 2 

Part of the uterine wall and uterine lumen at pro oestrus 
Part of the uterine waU and uterine lumen in early oestrus 
Ten days after birth 
Twenty eight days after birth 
Six weeks after birth 
Late pro oestrus, with gross distention 
Pro oestrus, with moderate uterme distention 
Pro oestrus, before distention is marked 

Plate 3 

Oestrus — stage of vacuolation 

Oestrus — stage of leucocytic infiltration 

Metoestrus 

Late dioestrus 

Eighth day of pregnancy 

Fifteenth day of pregnancy 


Plate 4 

Pseudopregnancy. 

Eighth day of lactation 
Eight days after castration 
Four months after castration 

Six weeks old, 50 y stdboestrol given 2 days previously 

Six weeks after castration, 60 y stdboestrol given 2 days previously 

Five days after pro oestrus, 5 mg progesterone given on the 1st and 3rd days 
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SOME NEW OBSERVATIONS UPON THE GRANULES 
OF THE OXYNTIC CELLS OF NORMAL RATS 

By GORDON MENZIES 

Deparlment of Anatomy, St Mary's Hospital Medical School, London 


INTRODUCTION 

Lim & Ma stated m 1926 that the granules of the OYjTitic cells of the rat’s 
stomach contamed lipoid They showed that these granules' were stained by 
Janus green B, and they therefore took them to be mitochondria, and, be- 
lievmg that all mitochondria contained lipoid, they presumed that the 
granules must eontain lipoid They stated, in addition, that the granules 
eould often be impregnated -wnth osmium tetroxide, ■which they took to be 
e'vndence of a lipoid content The argument rests upon three assumptions, 
VIZ that Janus green B is a specific stain for mitochondria, that all mito- 
chondria contam lipoid, and that osmium tetrovide is a reagent specific for 
hpoids It is knoivn, however, that osmium tetroxide may be reduced by 
substances other than lipoids (Lison, 1986), and even if Janus green B is 
specific for mitochondria it has not been shovm that all mitochondria contam 
Iipoid It follows that Lim <L Ma’s obsen ations, though suggestne, do not 
provide a satisfactory proof of the presence of lipoid m the granules of the 
o-ijmtic cells Recently, Foster in this Department has shown (unpublished 
work) that the granules of the oxyntic cells of the rat’s stomach could be 
stained with Sudan black, suggesting again the presence of a lipoid It was 
therefore decided to try to investigate fiirther the lipoid content of the 
granules, chiefly by the use of Baker’s acid haematem test (1946) for lipines, 
and by various other methods 

MATERIAL AND METHODS 

Tw enty-four male Norwegian rats, kept in separate cages, were stan ed, except 
for an allowance of water, for 24 hr They were then killed by coal gas, used m 
preference to other anaesthetics as being less likely to affect the lipoid content 
of the cells The stomach was then remo\ ed and pieces of the mucous membrane 
from the fundus w ere treated as follows 

[а) Fixed m formol-calcium-chloride (Baker, 1944), washed and embedded 
in gelatin Sections were then cut at 10/< on the Breezing microtome, and 
coloured wnth (i) Sudan black (Baker, 1944), (ii) Sudan II, Sudan III, Sudan 
W, Nile blue sulphate 

(б) Fixed m formol-calcium-chloride and (in) Baker’s acid haematem test 
applied (Baker, 1946) 
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(c) Fixed m the following modification of Bourn’s fluid 


Saturated aqueous solution of picrie acid 50 c c 

Commercial formalin 10 c c 

Glacial acetic acid 5 c c 

Distilled water 35 c c 


After fixation the lipoids were removed by hot pyridine (Baker, 1946) and the 
tissues embedded in gelatin Sections were cut frozen, at lO/i, and treated as 
follows (iv) by Baker’s acid haematem test, (v) with Sudan black 

(d) Lipoids were removed by hot pyridine, after fixation iirthe modified 
Bourn s fluid described above The tissues were then washed and dehydrated, 
cleared and embedded in wax, and sections cut at 5/t were treated with 
(vi) Heidenhain’s iron haematoxylin 

(e) Fixed m Champy’s fluid and treated by (vii) the Nassanov-Kolatchew 
technique, a routine method for the demonstration of the Golgi element by the 
use of osmium tetroxide 

The following inferences may be drawn from certain reactions to the above 
methods , A positive reaction to Sudan black, or Sudan II, III or IV, indicates 
the presence of lipoid, Sudan black frequently demonstrating lipoid when the 
others fail to do so A rose or red coloration with Nile blue sulphate, according 
to Lison (1936), indicates the presence of a non-saturated glyceride A positive 
reaction to Baker’s acid haematem test shows the presence of lipincs and/or 
several proteins Hot pyridine, however (as used in the pyridine extraction 
test), removes lipoids but not the proteins, and thus a subsequent application 
of the acid haematem test would, if negative, indicate the absence of both the 
lipoids and the several proteins that react to the test The combination of 
a positive reaction to the acid haematem test and a negative reaction following 
P 3 rridme extraction indicates the presence of hpme alone 


RESULTS 


(1) Wrih Sudan black (Baker, 1944) (PI 1, fig 1) The granules in the 
oxyntic cells colour intensely, appearing a bluish black There are many granules 
in the cells, some being quite discrete, but the majority are not very sharp m 
outline They vary in size, the largest being approximately twice the diameter 
of the smallest visible, and there are many of intermediate size There is some 
clumping of the granules The nucleus is pale and unstained, but the cyto- 
plasm IS grey in patches, indicating the presence of a diffuse hpoid substance 
The patchy greyness of the cytoplasm probably accounts for the fact that the 
majority of the granules do not appear to have a sharp outline Completely 
uncoloured areas devoid of granules can frequently be seen marking the 


position of intracellular canals 

(2) Wrih Sudan II, III and IV and mie blue sulphate No positive reaction 

IS given by the granules m the oxyntic cells, and there is no indication of a rose 


or red colour with Nile blue ^ 

(3) Wft (Baker, W46) (PI l.flg 2 The granute slam bla k 

or blue-black They are numerous and discrete, and more definite than 
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The granules of the oxynUc cells of noiinal iats 

Sudan black The cytoplasm is colourless, and this may account for the discrete 
appearance of the granules In positively reacting cells no difference is 
apparent in the intensity’’ of colouring betv een those deeply situated and those 
superfieiaUy plaeed in the tubule, or betu een cells in one tubule and another, 
but a feu o-s-yntic cells in the depths of the glands sho’n no positive reaction 
It seems unlikely that this is due to a failure of penetration of the reagents, for 
these eeUs occur at random, surrounded by positn ely reacting cells Except in 
the negatively 'reacting cells, there are no unstained retractile granules ■Risible 
The granules are dispersed evenly tliroughout the ejd:oplasm, sa^e -where 
colourless channels representing the intracellular canals can be seen, and m 
a few areas there is some clumping of the granules The granules vary m size 
V ithm the same ceU, the largest having a diameter approximately tw ice that 
of the smallest visible They’’ are all spherical Some granules are more deeply 
coloured than others, some appear quite black, some blue-black It is frequently’’ 
difficult to tell -whether the darkness of the granules is due to clumping and 
consequent overlapping, or to theu size On the -w hole the depth of staining is 
uniform, and where some granules appear more deeply coloured than others 
this can frequently^ be sho-wn by careful focusing to be due to the fact that one 
granule is lying above another 

(4) With acid haematein following pyridine extraction of lipoids (Baker, 1946) 
(PI 1, fig 3) None of the granules in any of the oxyntic ceUs appears coloured, 
but they can still be seen by' virtue of their retractility The nucleus stains 
deeply, as also do the red blood corpuscles (see Baker, 1946) 

It may' be mentioned here that there are small cells in the connective 
tissue of the submucosa vhose granules are positive to acid haematein and 
negative after pyridine extraction, although their significance is not know’n 

(5) With Sudan black following pyridine extraction of lipoids None of the 
granules of the oxy'ntic cells is coloured This is vhat one would expect, the 
test being applied merely' as a check on the acid haematein test 

(6) With iron haematoxylin following pyridine extraction of lipoids (PI 1, 
fig 4) The granules stain a dark grey'ish bro-wn and appear m about equal 
numbers m all cells of similar size, and there appear to be as many granules 
per cell as in comparable cells to -i^hich the acid haematein test has been 
applied w ithout pyridine extraction 

(7) With the Nassanov-Kolatcheiv technique for the Golgi element All oxyntic 
cells show a dense nuclear membrane, and, in addition 

(a) The majority show slightly' osmiphil granules spread throughout the 
cytoplasm, and indistinct osmiphil strands m the cy'toplasm between the 
granules 

(b) The minority show a definite osmiphil network spreading throughout 
the cy toplasm This netw ork, which is slightly more osmiphil than the granules 
described abo\ e, is closely applied round refractile unstained granules 

(c) A few cells show a collection of % ery dark osmiphil strands fairly well 
localized to one part of the cell 

Jlany mucous and peptic cells show a ty'pical Golgi element — a localized net 
between the nucleus and the gland lumen, the oxy’ntic cells do not 
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DISCUSSION 

The conclusions amved at by Lim & Ma (1926) have been confirmed-Sudan 
black shows that the ovyntic granules contain lipoid Furthcrmoie, the acid 
haematem and pyridine extraction tests show that they contain lipine, 
presumably a phospholipine, since galactolipme is believed to occur only m 
the central nervous system Sudan black indicates also the presence of a 
diffuse lipoid in the cytoplasm 

The application of iron haematoxylm, after the lipoids have been removed 
by pyridine, shows that a stainable residue is present, piobably protein or 
partly protein m nature It can therefore be inferred that the granules are of 
a double nature, partly hpoid and partly non-lipoid It is probable that tlie 
hpoid forms an envelope to a non-hpoid core, though the evidence is not yet 
adequate to decide this point 

There are other cell inclusions having hpoid and non-hpoid components, 
namely, (1) mitochondria (Claude, 1941, Bourne, 1942, Hoerr, 1943, Baker, 
1946), and (2) the Golgi element (Hirsch, 1939, Baker, 1944, Poster, 1947) 

Kolster m 1913 stated that there were two types of Golgi element in the 
oxyntic cell, one completely filling the cell, the other being more localized 
Both Siraska (1929) and Shiraska (1930) denied the existence of Golgi 
material m this cell In 1932 Beams & King investigated the Golgi element m 
the oxyntic cell of the rat, and although they never found as complete a net- 
work as reported by Kolster, they described it as being present in the form of 
robust filaments scattered throughout the cytoplasm In my preparations 
using the Nassanov-Kolatchew method, both types seen by Kolster arc 
undoubtedly present, together with a third m which the Golgi element is seen 
as black gianules with osmiphii strands in the cytoplasm between them 
I would suggest that the dissimilarities m the three types of Golgi element 
seen are due to different functional states of the cells concerned 

A connexion may be seen here between the Golgi element, as shown m the 
preparations mentioned above, and those parts of the oxjmtic granules proved 
to be hpoid For, supposing that the hpoid in all the granules represented the 
osmiphil part of the Golgi element, then one would expect to find a very large 
Golgi element, or a continuous net, occupying the greater part of the cell, and 
such IS often the case Where, as is sometimes observed, the Golgi element 
occupies only a small proportion of the cell, then, on the hypothesis just 
suggested, this could mean that a smaller number of the lipoid-contaming 
granules reduced the osmium tetroxide, and perhaps it is these that arc 
observed in some cells to be more deeply coloiured with acid haematem than 

the rest. 

SUMMARY 

1 The granules of the oxyntic cell of the rat’s stomach contain hpoid, as 

shown by their intense colouring with Sudan black 

2 They contain lipine, probably phospholipine, demonstrated by a positive 
reaction to Baker’s acid haematem test, and a negative reaction to tins test 
following the removal of lipoids by hot pyridine 
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The gianules of the oxyntic cells of normal lats 

3 They are of a double nature, possessing a core that is neither hpine nor 
lipoid, since they are stainable by iron haematovylin after the lipoid component 
has been removed 

4 There is some evidence that the cytoplasm of the oxjmtic cell contains 
a diffuse non-hpme hpoid material It is indicated by Sudan black 

I am greatly indebted to Dr C L Foster, who suggested this line of research 
to me, and I wish to express my thanks to him and to Prof F Goldbj’’, for their 
continued interest and help in this work 

REFERENCES 

Bakke, JoHK R (1944) The strnchire and chemical composition of the Golgi element Quart J 
micr Sci 85, 1-72 

Bakeb JoHii R (1946) The histochemical recogmtion of hpme Quart J mtcr Set 87,441-470 
Beams, H tV S-Kn>o, R L (1932) Notes on the cytology of the panetal ceUs of the stomaeh of 
the rat Anat Rec 53, 31-41 

Boukve, G (1942) Cytology and Cdl, Physiology, ed Bourne Oxford Clarendon Press 
Claude, A (1941) Cold Spr Harb Symp Quant Biol 8, 144-153 

Fosteb, C L (1947) Some observations upon the Golgi elements of the antenor pituitary cells 
of normal and stilboestrol treated male rats, using Sudan black techmque Quart J mtcr 
Set 88, 409-418 

HmscH, G C (1939) Form undStoffvechscldcr Golgi Korper Protoplasma Momographs Berlin 
Hoebb N L (1943) Jlethods of isolation of morphological constituents of the hver ceU Biol 
Symp 10, 185-231 

KOlsteb, R (1913) Ueber die dnrch Golgis Arsenik und Cajals Urannitrat-Silbennethode 
darstellbaren Zellstrukturen Anal Am, Yerh anat Ges Jena 44 124r-132 
Lim, R K S a 5Ia, W C (1926) Slitochondnal changes m the cells of the gastno glands m 
relation to activity Quart J exp Physiol 16 87-110 
Bison', L (1936) Bistoehmie Antmale Pans Guathier ViUars 

Shibaska, M (1930) Studien uber die morphologischen Verandemngen des Golgischen Apparatus 
m den 7ellen des Verdanungssystems des Kaninchens mfolge der Darreichung von K. , Ca 
und Mg Salzen Polia anat japon 8 (quoted from Beams A King, 1932) 

SiBASKA, S (1929) The existence or the non existence of the Golgi network in delomorphous cells 
of the gastric glands (m Japanese) Nippon ShohcahbyogaLuhcai Zasshi, 28 (quoted from 
Beams A Kmg, 1932) 


EXPLANATION OF PLATE 

Fig 1 Fundic area of rat’s stomach coloured with Sudan black, x500 
Fig 2 Granules in oxjTitic cells, after application of Baker s acid haematem test x 1050 
Fig 3 Absence of colounng of granules when Baker s acid haematem test is apphed following 
pyndme e'xtraction of hpoid, x 500 N B The oxyntic nuclei are now coloured (see Baker, 
1946) 

Fig 4 Appearance of oxyntic granules after stauung with Heidenham’s iron haematoxylin, 
following pyndme extraction according to Baker s method, x 950 
0= oxyntic cell /C = site of an mtracellular canal Figs 1-3 are cut along the tubules of the 
fundic glands Fig 4 is cut across the tubules 



A NEW HISTOCHEMICAL METHOD FOR 
GLYCOGEN 

By J J PRITCHARD 
St Maty’s Hospital Medical School, London 

The method to be described is based first on Bauer’s (1933) observation that 
glycogen, after treatment with chromic acid, is rendered insoluble in vater and 
exhibits the reactions for aldehydes, and secondly on Mitchell & Wislocki’s (1944) 
observation that under certain conditions glycogen mil reduce ammonmm-silver 
compounds The following method is the outcome of experiments made to determine 
whether the specificity of Bauer’s method could be associated with the sharpness 
of definition and ease of photographic reproduction of Mitchell & Wisloeki’s method, 
and it was found that glycogen in tissue sections was capable of reducing ammonium- 
silver compounds specifically after treatment with chromic acid Exceptionally 
clear and detailed pictures of glycogen distribution in a number of tissues were 
obtained 

METHOD 

Tissues are fixed in ice-cold absolute alcohol for 24-48 hr and then embedded m 
paraffin in the usual way Sections are cut and flattened on 70 % alcohol and dried 
on the slide without the use of adhesives After removal of wax they are coated 
with celloidin by immersion m 0 5 % solution of celloidin m alcohol-ether followed 
by hardening in 70% alcohol 

After passing to distilled water, the sections are placed in 4 % chromic acid at 
53° C for 25-30 min and then washed well in distilled water They are transferred 
to Foot’s silver diamino hydroxide solution for 2-5 min and then, without washing, 
immersed in Wilder’s formol-uranium reducing solution, with agitation, for 2 mm 
They are again washed in distiUed water and toned for 2-5 min m 0 2 % gold 
chloride solution, rinsed m tap water and placed m 5 % sodium thiosulphate solution 
for 2 mm 

After a further wash in distilled water the sections may be counter-stained (light 
green or acid fuchsin are suitable) and mounted 

Glycogen is stained purplish black by this method, and the background is clear 
No other tissue components take the stain 

That the granules stained by this method consisted of glycogen vas confirmed by 
the saliva test, which is based on the fact that glycogen is the only polysaccharide 
present in animal tissues which is digested by salivary ptyalin After the sections 
had been incubated for 30 mm in a 25 % solution of saliva in tap vatcr at 87° C 
no reduction of silver occurred after subsequent treatment with chromic acid and 
silver diamino hydroxide 

PI 1, figs 1-4 illustrate examples of the results obtamed 
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DISCUSSION 

The method described differs from that of Bauer (1933) in the substitution of silver 
diamino hydroxide for sulphuretted basic fuchsin (Feulgen’s reagent) as the means 
of visualizing gl 5 ’^cogen after treatment unth chromic acid This has the advantage 
that the precipitate of reduced silver is more sharply defined, particularly m relation 
to verj' small particles of glycogen, than the basic fuchsin stain, it can also be 
photographed much more easily and with better contrast 

jMitchell & Wislocki’s (1944) silver reduction method for glycogen is much more 
laborious and lengthy, and it has the disadvantage that it is not specific for glycogen, 
as reticular fibres are heanly impregnated 

SUMMARY 

A new method for the histochemical detection of glycogen is described, based on the 
reduction of silver diamino h 3 "droMde bj"^ glj’^cogen after preliminarj' treatment 
with chromic acid 
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EXPLANATION OP PLATE 

Fig 1 Section of Lver from an adult rat x 150 

Fig 2 Section of liver from an adult rat x 600 

Fig 3 Section of nasal concha from a 20 day rat embiyo x 150 

Fig 4 Section of cartilage from a nasal concha of a 20 day rat embryo x 600 



peripheral connexions on the 

MATURATION OF REGENERATING NERVE FIBRES 

By J T AITKEN, Anatomy Department, University College, London 


INTRODUCTION 

Previous work (Sanders & Young, 1944, 1946; Weiss & Taylor, 1944, Weiss, Edds 
^Cavanaugh, 1945, Aitken, Sharman & Young, 1947) has shown the importance of 
the effect which the peripheral connexions have on regenerating nerve fibres The 
present work was planned to examine in detail some of the factors which micht 
contribute to this effect 

Answers were sought to the follovung questions (a) Does the distance travelled 
by regenerating fibres modify the process of regeneration? (Z») Do fibres turn at the 
cut end of a nerve and grow back m a central' direction? (c) To what extent does 
close contact of regenerating fibres with muscle tissue influence maturation? 


MATERIALS AND METHODS 

Adult rabbits of different breeds were used, and the nerve to the medial head of the 
gastrocnemius muscle (n g m ) was selected, as m the previous work (Aitken et al 
1947) In all cases the n g m was crushed as high as possible, with fine smooth 
watch-maker’s forceps In order to study the behaviour of new fibres growing down 
various lengths of nerve but not reaching the end organ, the nerve was also cut 
distally and the peripheral stump avulsed from the muscle In this way a neuroma 
was caused to form at distances 1-4 cm from the crushed point In order to study 
regeneration over still longer lengths the proximal cut end of the n g m was joined 
to the distal end of the severed sural nerve, which lies near by, and in this way the 
length of the regenerating pathway could be increased up to about 25 cm in large 
rabbits The union was maintained by means of coagulated fibrin In some animals 
the sural nerve was again cut below the knee (see Text-fig 1) 

In this series, regeneration was allowed to proceed for 100 days, and the nert^es 
were then fixed in order to determine the diameter of the new fibres at a level 1 5 cm 
below the crushed point 

In another series of animals, to determine the effect of the muscle on regeneration, 
the n g m , after being crushed as high as possible and cut distally, was implanted 
into a nearby muscle Biceps femoris Avas used and the implantation was made near 
the nutrient artery, by passing the end of n g m along the track in the muscle made 
by carefully inserting a round-bodied needle betiveen the fasciculi This manipulation 
was carried out AVith the minimum amount of trauma to avoid damaging the muscle 
fibres The implant was held in position Avith coagulated fibrin The functional state 
of biceps femoris was varied by removal of the entering nerves from the sciatic trunk 
on one side, using the opposite side as a control with a normally innervated biceps 
muscle In an attempt to prevent reinnervation, the cut ends of the nerve to biceps 
femoris were formalmized in some animals, but the method A\as abandoned owing 
to the danger of mjury to the main sciatic trunk 
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-All animals iiere examined after a lOO-day period and the n g m nas identified 
In most eases the nenm ivas stimulated i\ith an induction coil and any muscle 
response noted Occasionally, the implantation n as not mamtamed m the muscle 
and m these cases the nenm formed a neuroma on the surface of biceps or in the 
fascia 


(a) Length of n g m — 1 cm (h) Length of n g m — 4 cm 



(d) Length of n g m and 
n surahs— 2S cm. 


Text fig I Diagram showing the four types of experiment to determme the effect of the distance 
travelled bj regeneratmg fibres on the matnration of the nerves (a) and (6), lengths of 1 and 4 cm 
from n g m (c) and (d), lengths of 12 and 25 cm from n g m and n surahs 

Where the implant nas undisturbed, the minimum stimulus needed to evoke a 
muscle response nas noted nith the electrodes placed about 2 cm from the site of 
the implantation As far as possible, the stimulation of the nerves was standardized 
and in each case, after the threshold xnth the nerve mtact had been noted, the nerve 
was then cut centrally, isolatmg it from the central nervous system and finally 
crushed close to the muscle to show whether the contraction was due to spread of 
the stimulus along the nerve 

In all the different ex 2 iermients the nerves w ere fixed m the follownng modification 
of Flemming’s solution (2 % osmic acid in distilled w ater, 4 c c , 1 % chromic acid 
Anatomy 83 3 
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dehjdr^ed without preliminary washing, cleared in cedar-wood oil and embedded 
in paraffin wax after an intermediate stage in cedar-wood oil-benzol-paraffin Max 
inixture Sections, S/x thick, were cut at comparable levels in all nerves In tlie 
shortest lengths of n g m the sections were cut as near as possible to the neuroma, 
but m all others at a point about 1 5 cm below the crush The site of the crush wms 
determmed by a slight swelling in the nerve, by the presence of a marker (indian ink 
or black silk) or by the central cut end of the sural nerve which was found usually 
close to the crushed point The sections were stained by Weigert’s method and photo- 
graphed at 750 X magnification on to bromide paper Differential counts were made 
of the fibre diameters which were classified into 2fi groups 


RESULTS 


-A- Effect of length of regeneration path on the degree of matnrahon 


The experiments provided data for the following lengths of the regenerating path 
(c) regeneration along 1 em of peripheral path, n g m , (ft) regeneration along 4 cm 
of peripheral path, n g m , (c) regeneration along 12 cm of peripheral path, n g m 
andn surahs, (d) regeneration along 25 cm of peripheral path, n g m and n surahs 

The differential counts of the fibre sizes just below the crush obtained from the 
nerves .in these experiments are given in Table 1 along with the total number of 
fibres m the nerve, the mean diameter for the fibres over 6/^ in diameter and their 
number 

Table 1 (<z) shows that in the short peripheral path the total number of fibres is 
large and usually over 2000 The great majority of these fibres are small and poorly 
myelinated, and the mean diameter of the groups over 6 /x. is 7 33 p. As the neuroma 
in these experiments is very near to the crush there will be a large number of fibres 
which turn at the neuroma and pass back along the nerve They will have been 
counted twice (see later) 

Table 1 (ft) contains the results obtained from those nerves where the distance 


travelled by the regenerating fibres was 4 cm of n g m There is a diminution in the 
total number of fibres, with an increase in the number of those over 6p in diameter, 
the mean of the latter being 7 68p 

Table 1 (c) and (d) show a contmuation of this trend, the total number falls with 
an increase in the over 6p groups and an increase in the mean diameter to 7 98p 
in the 12 cm pathway and 8 74p in the 25 cm pathway 

After an examination of Table 1, it was decided to consider only the larger fibre 
(over 6 p) groups and the mean fibre diameter of those fibres was taken as an index 
of maturation in the nerve This was done in an attempt to prevent the number of 
small fibres (some of which would be counted twice) masking the effect of any change 
in the number and distribution of the larger fibres From each set of comparable 
experiments a series of mean diameters was obtained and considered as a sample of 
nerves regenerating for the given length Is there any simple relationship between 
the degree of maturation and the length of the regeneration path? Inspection o 
the figures m Table 1 suggests a high degree of correlation between maturation and 
length regenerated, but the estimation of the correlation coefficient vould only gi 



Peripheral connexions on regenerating nerve fibres 35 

the extent of the connexion between the two variables It would not give anj^ informa- 
tion as to the degree m which change in length affects maturation 

If, ho^\ ever, the mean maturation estimations for all the nerves are plotted agamst 
the length regenerated, it appears that there is some reason to anticipate a Imear 
relationship beti\een the tiro variables In more statistical terminology we may 
reasonably expeet a significant linear regression of maturation on length of the 
regeneration pathway This line can be computed and is shov-n m the diagram 
(Text-fig 2), mdieatmg that over the range of the experiments there is an mcrease 


Table 1 Distribution of fibres in regenerating nerves of different lengths 


Specunen 


2-4 

4-6 

6-8 

a-10 

10-12 

12-14 

14-16 

i Total 

No 

>6,1 

Mean of 
>6,1 fibres 





(a) N g m with 1 cm 

penpheral path 




48 (a) 

326 

1254 

381 

91 

8 

— 

— 

— 

2060 

99 

7 32 

51 (/) 

96 

1528 

558 

207 

66 

8 

— 

— 

2463 

281 

7 58 

56 if) 

311 

2513 

521 

198 

81 

2 

— 

— 

3625 

281 

7 60 

61 if) 

378 

1576 

409 

199 

22 

— 

— 

— 

2584 

221 

7 20 

58 (c) 

216 

1115 

363 

150 

h 

— 

— 

— 

1871 

177 

7 31 

59 (a) 

315 

1750 

375 

23 

— 

— 

— 

— 

2463 

23 

7 00 










Mean of group 

7 33 





(6) N g m with 4 cm 

peripheral path 




29 (b) 

132 

724 

318 

124 

41 

9 

3 

— 

1351 

177 

7 77 

51 (a) 

95 

764 

349 

102 

10 

— 

— 

— 

1320 

112 

7 18 

55 (a) 

41 

540 

193 

125 

115 

41 

— 

— 

1055 

281 

8 40 

56 (a) 

35 

560 

166 

162 

107 

18 

— 

— 

1048 

287 

8 00 

57 (c) 

85 

711 

311 

122 

3 

— 

— 

— 

1222 

125 

7 05 

58 (a) 

186 

1058 

368 

128 

16 

— 

— 

— 

1756 

144 

7 22 

59 (i) 

45 

583 

194 

124 

117 

11 

— 

— 

1074 

252 

8 10 

185 (b) 

36 

518 

263 

138 

67 

3 

— 

— 

1025 

208 

7 70 










Mean of group 

7 68 




(c) N g m joined to sural nerre — total length 12 cm 



83 (o) 

35 

414 

172 

112 

160 

73 

6 

— 

972 

351 

8 85 

89 (a) 

53 

589 

279 

119 

68 

11 

— 

— 

1199 

198 

7 91 

95 (o) 

61 

503 

117 

143 

110 

5 

— 

— 

939 

258 

7 93 

105 (b) 

124 

322 

270 

233 

5 

9 

1 

— 

964 

248 

7 21 










Mean of group 

7 98 




(d) N 

g m jomed to sural nerve — total length 25 cm 



89 (c) 

20 

689 

277 

144 

114 

46 

— 

— 

* 1190 

304 

8 36 

539 (d) 

65 

274 

108 

94 

120 

58 

— 

— 

709 

272 

8 74 

639 (a) 

14 

160 

110 

119 

129 

104 

5 

— 

641 

357 

8 97 

541 (a) 

56 

444 

225 

162 

93 

8 

— 

— 

978 

253 

7 86 

646 (a) 

23 

192 

83 

86 

106 

94 

53 

5 

642 

344 

9 75 










Mean of group 

8 74 


of 0 5/x m the mean diameter of the larger regenerating fibres m each 10 cm tra\ elled 
That the effect is a real one and not due to chance is shown by the regression coeffi- 
cient uliicli IS significant on the 0 001 level (t = 4 7,/=21) 

These experiments therefore definitely indicate that regenerating fibres uhich 
grou for a greater distance become larger Nothing verj definite can be said about 
the form of the relationslup, the diameter more nearlv follou s the length than its 
logarithm, but other possibilities are not excluded It must also be remembered that 
the very longest fibres make endings different from the others (m the skm rather 
than in a neuroma) 
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As the len^h of the peripheral path and the rate of progress of the nerve fibres 
theTnd the time taken to reach 

the time allowed for maturation Allowing 5 days for the fibres to cross the crush, 
5 days to cross the union and a groivth rate of 5 mm per day above the union but 
o only S mm a day below the union (Gutmann, Guttman, Medawar & Young, 1942) 
we obtain the results summarized m Table 2 



Text fig 2 Linear regression of degree of maturation on the length travelled by the regenerating nerves 
maturation bemg measured as the mean diameter of the larger (> 6^ m diameter) fibres 


Table 2 


The estimated times allowed foi matwation of the regenerating fibres 

of n gm after travelling dijferent distances 

Estimated time to reach Time allowed for 
Distance travelled end of nerve maturation 

(mm ) , (days) (days) 

10 ■ 7 93 

40 13 ' 87 

120 45 55 

250 88 12 


In the longest nerves many of the fibres would be actively growing until 12 days 
before the biopsy^ The specimens with neuromas at the cut end of the n surahs 
below the knee (12 cm ) would have 55 days in which to mature, yet the mean diameter 
of the fibres is less than that found in the longest nerves (25 cm ) (see Text-fig 1 ) 


B Turning back of regenerating fibres at a neuroma 
When regenerating nerve fibres reach the end of the Schwann tubes, without 
makmg contact with a peripheral end organ, a neuroma is formed It has been 
suggested by Weiss et al (1945) that some of the fibres turn and re-enter tiie Schw ann 
tubes and travel m a central direction This phenomenon was clearly demonstrated 
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in one of the experiments where the nerve was crushed, cut lower down, allowed to 
regenerate and form a neuroma, and was then operated on agam, the neuroma being 
eut off 2 weeks before the termmal biopsy Comparison of the two specimens 185 (e) 
and 185 (b) m Table 3 shows that the total number of fibres had been reduced to 
one-half 

Table 3 (a) and (b) Counts of regenerating fibres in the n gm immediately proximal 
to a neuroma and in the same nerve 2 weehs after the neuroma had been removed 

Diameter (ft) 

/ ’ > 

Specimen 0-2 2-^ 4^ 6-8 S-10 10-12 Total 

(o) Portion of n g m tnth neuroma attached 
185 (e) 68 1490 750 158 42 — 2508 

(6) N g m 2 weeks after removal of neuroma 
185 (6) 36 518 263 138 67 3 1025 
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Tevt-fig 3 Histograms of the distnbutions of fibre sizes m n g m immediateh proximal to a neuroma 
and m the same nerve two weeks after the neuroma had been removed 


Unfortunately, owing to the nearness to the neuroma, it was impossible to obtam 
a section of v, hich all parts could be counted Hon ever, a reliable estimate was made 
b> detcrmming the total area of the photograph with a planimeter (727 sq cm ) and 
calculating the number of fibres m the size groups from the area nhieh was capable 
of bemg counted (426 sq cm ) 

Examination of the figures m Table 3 shon s that the greater differences are to be 
found in the groups of smaller fibres From these findings it does seem that a great 
number of small regenerating fibres returns along the nen e trunk and this suggests 
that the larger fibres are the better index of maturation as the number of larger fibres 
nas almost the same m the tno specimens 
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Text-fig 3 shows the histograms of these two specimens, and PI 1, figs 1 and 2 
the photographs of the cross-sections which were counted The difference in size 
of the sections is due to the proximity to the neuroma and the number of fibres 

C Effect of muscle state on matwation of i egenerating fibi cs 
On examination of the animals after 100 days, it was found that the biceps muscle 
was not greatly wasted on the paralysed side, though stimulation of the sciatic 
nerve high in the thigh produced no contraction of the muscle Stmiulation of 
n g m gave rise to a contraction of a bundle of muscle fibres By inereasing the 
strength of the stimulus it was possible to make more muscle fibres respond, though 
never did the muscle react as when the nerve to the normal biceps on the other side 
was stimulated The paralysed muscles responded at a higher tlireshold of stimula- 
tion of the nerve than did the normal muscles The differential counts of the fibre 
populations of these nerves are given in Table 4 


Table 4 Distribution of fibies in regenerating n g m token implanted into normal 

and paralysed biceps fenions muscles 


Root mean 






Diameter (y) 






No 

>6(1 

sq diameter 
of fibres 
>6fi (D) 

Specimen 

'o -2 

2^ 

4-6 

6-8 

8-10 

10-12 

12-14 

Total 

417 (r) 

62 

1036 

(o) Implantation mto normal biceps 
266 177 23 — — 

1790 

200 

72 

428 (r) 

115 

716 

287 

165 

67 

8 

— 

1358 

240 

7 9 

443 (c) 

175 

686 

194 

163 

81 

— 

— 

1199 

244 

77 

483 (a) 

316 

973 

419 

77 

216 

2 

— 

2003 

296 

63 

642 (c) 

12 

688 

375 

228 

66 

10 

— 

1279 

304 

74 

643 (6) 

55 

426 

193 

189 

78 

1 

2 

944 

270 

7 7 

417 (1) 

6 

817 

" (&) 
394 

Implantation mto paralysed biceps 
326 160 97 11 

1811 

694 

86 

428 (/) 

86 

730 

285 

150 

29 

13 

— 

1292 

192 

7 7 

443 (a) 
483 (d) 

161 

612 

183 

134 

66 

9 

— 

1155 

209 

7 9 

138 

968 

185 

85 

111 

69 

49 

1605 

314 

97 

642 (a) 

643 (c) 

13 

347 

133 

no 

105 

65 

30 

803 

310 

9 3 

44 

416 

216 

136 

98 

36 

6 

951 

276 

8 6 


The larger fibres (> 6 y.) were agam used as an indication of the degree of matura- 
tion The hypothesis that the distributions of the larger-sized fibres are the same 
whether the nerve terminates in a normal or paralysed muscle was made and 


calculations gave the following results 


Animal 


417 

60 84 

428 

11 767 

443 

0 36 

483 

13 91 

642 

118 86 

643 

21 8 


0 001 
0 01 
06 
0 001 
0 0001 
0 001 


Except m anunal 443, the hypothesis k rejected m every case When the total 

tescTiSes ^ 


exceedingly remote 

When the root mean square diameters 


(Z?) of the fibres more than 6ym diameter 
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are considered it is evident that the nerves ivhich regenerate into the paralysed muscles 
are larger m all experiments except one (428) 

PI 1, figs 3 and 4 show photographs of sections of nerves (642 a and 642 c) which 
have been implanted into normal and paralysed muscles It will be noticed that 
the former produces a condition m which the Schwann tubes are filled with many 
small fibres whereas, m the latter, the tubes con tarn fewer fibres and usually one 
large fibre Histograms of the same two nerves (Text-fig 4) demonstrate the reduction 
m the total number of fibres — especially the smaller groups — and an mcrease m the 
larger fibre groups 


tm 




2 

Tjao 


Test fig 4 Histograms of the distributions of fibre sizes m regenerating n g m after implantation mto 

normal or paralysed biceps femons 

DISCUSSION 

From the precedmg results, it is evident that the distanee travelled by regeneratmg 
nerv e fibres and the possibihty of making a functional connexion wnth muscle both 
influence m a marked degree the process of maturation 

A Effect of length 

The diameters of normal nerve fibres are usually taken to vary accordmg to the 
tjTie of functional activity of the fibres (Erlanger A Gasser, 1937) In these experi- 
ments, the regeneratmg fibres rarely attam a size more than 12-14 fi m diameter, 
they are non-functional and therefore the peripheral connexion can have no stunu- 
latmg effeet on the maturation processes IVhere the n gm was united wnth the 
n surahs, certain new factors were mtroduced which must be considered The union 
of the nerves, the smaller Schwann tubes of the sensorj’- nen-e and the presence of 
peripheral end-organs m the skin are the most unportant factors The unions were 
made with no tension between the two nerves and the positions were mamtamcd 
with coagulated plasma At biopsy, the unions were exammed and found to be 
intact and sections of the n surahs prov ed that many fibres had passed down into 
this nerve PI 1, fig 5 is a photograph of a longitudmal section of one of these 
unions (95 d) There is alwa>s the possibilitj, however, that a few fibres escaped at 
the site of the union mto the surrounding fascia or even turned back up the n g m 
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The smaller Schwann tubes might tend to impede the flow of axoplasm and so 
increase the diameter of the fibres above the union 

In the normal n g m there are a number of sensory fibres whicli might find a 
pathway towards an end organ in the skin These fibres were presumably non- 
functional, as stimulation of the skin supplied by n surahs evoked no response, and 
when the n surahs was electricaUy stimulated no withdrawal of the leg occurred 
The effect of the length of nerve regenerated was investigated by Sanders & Young 
(X946), who considered that the process of maturation was independent of it They 
employed varymg lengths of the large peroneal nerve and joined it to the still larger 
tibial nerve Both of these nerves have considerable mixed muscle and sensory 
(skin) components and the regenerating fibres would eventually make contact with 
end organs, many of them on the muscle fibres Though the two sides would be partly 
comparable, no indication is given of the possibility of the motor end-plate connexion 
masking the length effect The difference in length was 55 mm , winch according to 
- the present findmgs would account for a sluft upwards of 0 25/i. in the mean diameter 
of the fibres, a figure which could almost certainly be accounted for by the varying 
peripheral connexions of the fibres 

Time for matwation It has been suggested by Weiss ct al (1945) that the nerve 
fibre increases in diameter after the growing end comes to rest In the present senes 
of experiments, those nerves which could regenerate along the terminal branches of 
n surahs into the foot would have only 10-20 days in which to mature, whereas 
those nerves which ended in neuromas m the thigh or leg would have 70 or 50 days 
The degree of maturation, however, bore an inverse relationship to the time In 
spite of the long time winch could be used for maturation, the sliorter lengtlis had 
nerves of a smaller mean diameter than the longer nerves Previous work (Aitken 
et al 1947) has shown that when nerves are allowed to regenerate and form neuromas 
for periods up to 200 days, though the number of fibres is reduced in the longer 
periods, there is no increase m the diameter of the fibres It is therefore probable 
that m considering the degree of maturation the distance travelled is a more important 
factor than the time 

B Ejfect of ovei ei oxachng ‘ 

The effect of overcrowding the Schwann tubes by a large number of small fibres 
IS most pronounced m the shortei lengths of nerve Their numbers over the total 
series of nerves vary considerably and for no very obvious reason, even some of the 
implants into paralysed muscle (Table 4 (5)) having a total of over 1000 fibres in the 
groups under Op, in diameter The larger-sized fibres seem to form a more constant 
and stable series, and in the nerve which had the neuroma removed 2 weeks before 
biopsy there was a difference of only 8 between the number of large fibres in the 
specimen of nerve with the neuroma and that found in the nerve itself It is realized 
that there is a difficulty in making a definite statement concerning this matter as 
sections cut near the neuroma are very difficult to count accurately owing to t c 

obliquity of many of the fibres , r. , . i 

When PI 1, figs 1 nnd 2 are eompared, it is seen that many of tlie Schu ann u ics 

m fig 2 (section of n g m after removal of the neuroma) contain only one fibre and 
often this fibre is smafi During the 14 days since operation, man} of the small li 
have degenerated, but the remainder do not seem to have increase m size 
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C Effect of muscle state 

It has long been maintained that the nen'^e suppty of mammalian muscle is such 
that each muscle fibre has one motor end-plate (Wdkmson, 1929 , Denny-Brown & 
Pennybacker, 1938), though some workers (Aghduhr, 1916, Cuajimca, 1932) have 
reported the presence of multiple endmgs on a fibre In normally innen'^ated muscle 
there v ill therefore be a state of equihbrium betv een muscle and nerve, and v hen 
a ‘foreign’ regeneratmg ner\^e is made to grow into a fuUj’^ innervated muscle, it 
vtU lie in contact mth muscle fibres which are already innervated Yet when the 
nerve is evamined the process of maturation is found to have proceeded farther than 
in a nerve of comparable length which forms a neuroma m the fascia (compare 
results in Tables 1 (6) and 4 {a)) The close proximity to muscle tissues does thus 
seem to have an effect on the process of maturation Examination of nerves in 
normal muscles which is bemg carried out shows that many fine fibres pass between 
the muscle fibres wath little or no attempt to form motor end-plates 

When a regeneratmg nen^e is implanted into a paralysed muscle the process of 
maturation is greatly facilitated (Table 4 (i)), not only is the number of small fibres 
usually reduced but the larger fibres are significantly increased When these results 
are compared witn those previously reported (Aitken el al 1947) for maturation m 
regenerating nerves following union with a muscle neiv^e, it is found that the matura- 
tion after implantation is poorer than after union In the latter case, most of the 
motor end-plates were reinnervated and the whole muscle contracted on stimulation 
Stimulation of an implanted neiv^e in a paralysed muscle gave rise to contraction 
of a few bundles of muscle fibres Histological exammation of the paralysed muscle 
revealed no inneiv'ated ‘native’ motor end-plate but a very different neuroma from 
that which was found in a normal muscle It would seem that the implant responds 
to the demand on the part of the paralysed muscle and that the most potent stimulus 
to maturation is the opportunity to form new motor end-plates As counts of the 
new motor end-plates were not made, it is impossible to correlate the degree of 
maturation ivith the number of functioning muscle units but the number of endmgs 
was never very great and they were mostly close to the implant 

The growing ends of the nerve fibres would reach the muscle in about 13 days 
after the operation and they would have 87 days in which to ramify amongst the 
muscle fibres The results of electrical stimulation showed that the functional spread 
of the nerves was restricted This was specially marked in the experiments where 
the implantation was made into a normal muscle 

Fort (1938), working with Weiss, has studied some of the factors involved m the 
establishment of neuro-muscular connexions in toads He suggests that denervated 
muscle may be more ‘ permeable ’, though he admits that his eindence is mconclusive 
Attempts to arrest the process of reinneri ation in a denervated muscle by use of 
a Ringer extract of normal muscle were also not effectn e 

From the present w ork it w ould seem that the juxtaposition of regenerating nen e 
fibres and muscle fibres is sufficient to initiate the process of maturation, but tliat 
the opportunitj of forming a functional motor end -plate on muscle fibres is a very 
strong stimulus to continuation of the process 
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SUMMARY 

1 Experiments m whieh nerves were allowed to regenerate along pathways of 
different lengths (1, 4, 12 cm ending in a neuroma, and 25 cm ending in the skin) 
showed that the longest nerves had largest diameters Over the range investigated 
there was an increase of 0 5 p, in the mean diameter of the fibres for each 10 cm 
travelled 

2 Almost half the regenerating fibres turn round at a neuroma and travel back 
along the nerve This effect is greatest in those cases where the regeneration path is 
short 

3 Maturation of a regenerating nerve is much more complete when the nerve 
fibres are allowed to make contact with paralysed (denervated) muscle fibres than 
when the nerves grow into a normal muscle or into fascia The possibility of making 
new functional motor end-plates or reinnervating those which have been denervated 
produces a marked increase in the degree of maturation 

The author wishes to thank Prof J Z Young for his interest and encouragement 
with this work, Mr D ShoU for the statistical analyses, Mr L Hanning for technical 
assistance 
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EXPLANATION OF PLATE 

AH figures are of specimens fixed m Fle mm ing a solution, Weigert-stamed and photographed directly 

on to bromide paper 

Fig 1 Regeneratmg nervus gastrocnenm medialis immediately proximal to the neuroma (185 e) 

( X 150 ) 

Fig 2 Regeneratmg nervus gastrocnenm medialis 2 weeks after removal of the neuroma (1856) 

( X 150 ) 

Fig 3 Regeneratmg nervus gastrocnenm medialis which was implanted mto a normally innervated 
muscle (642c) ( x 150 ) . 

Fig 4 Regeneratmg nervus gastrocnenm medialis which was implanted mto a paralysed (denervated) 
muscle (642 a) ( x 150 ) 

Fig 5 Longitudinal section of nmon between nervus gastrocnenm medialis and n surahs 95 d) (x55) 
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REVIEWS 

Gynaecological and Obstetrical Anatomy By C F V Smout, M D M R C S and 

AcoBYMD.PhD 2nded (Demy 8vo -Pp xi+ 248 With 185 illustra- 
tions 40s ) London Arnold 

p^blfshed m loS '' ^ Anatomij of the Female Pelvis first 

The book is chvided into mneteen chapters and gives an account of the anatomy of tlie 
pe VIS, le evelopment and lustology of the female genital tract, endocrine function of the 
ovarian hormones, the placenta, and the anatomy of the foetus m relation to childbirth 
he chapters describing the anatomj’^ of the pelvis are concise and accurate, but not 
qmte as comprehensive as one would have ivished to have in such a volume For example, 
no reference is made to the masterly contribution by Dickinson on ‘Human Sex Anatomy’ 
Some of the rather elaborate diagrams are too schematic For example. Fig 9G shows the 
vagina as a straight tubular structure, whereas m fact it should be shown as curved in the 
sagittal plane, as m Fig 97 

The chapters deahng with the histology of the ovary and with ovarian function and its 
control give a valuable account of the advances that have been made in these fields during 
the past decade As this book is concerned mainly vnth human anatomy and histology it 
would have been more appropriate to have had more illustrations of the human ovary than 
of the cat 

The book has been accepted as a standard text-book and it is likely to have a long run 
"With successions of editions For tius reason the reviewer has suggested the above com- 
ments for consideration by the authors The book will be of value to those who are desirous 
of having a concise account of the anatomy and physiology of the female pelvis m one 
volume w j uamilton 


Chronic Sti uctui al Low-backache due to Low-back Structural Derangement By R A 
Roberts, B Sc , M B , Ch B , D M R E (Pp 105 (exclusive of 45 plates with 
137 illustrations), 1947, 45^ ) London H K Lewis and Co , Ltd 


Tins IS a valuable book for all concerned with differential diagnosis in patients with low- 
backache Sixty-four ease-histones are presented, the great majonty of winch show defects 
' in the vertebral neural-arch, duly illustrated radiologically Tlie term pars mterarticularis 
or isthmus of the neural-arch is defined as the narrowest and most delicate part of tlie 
neural-arch m the lumbar spine situated between the superior and inferior articular 
processes The author considers tins isthmus the vital pivotal centre m the architecture of 
the vertebrae for the interaction of the powerful muscles and ligaments of this region, 
because first, in the antero-posterior plane it is the pivotal centre between the pedicle with 
the body, and the lamina with the spinous process, secondly, in the vertical plane it lies 
between the superior and inferior articular processes winch are most concerned ivith guiding 
the vertebral movements, and thirdly, m the lateral horizontal plane it is at the base of 


the transverse process f 

The hterature of separate neural-arch is discussed Although absent in the foetus, its 

incidence, generaUy accepted at 5 %, has been found up to 10% and even 2 j /o f »erc 
must be many individuals mth separate neural-arches m the last 
who have never suffered low-backache Dr Roberts submits the view that these defe . 
primarily the result of overstrain de-ossification, and are indeed akin to mar li ‘ 

F5r”ss’ Lcture In view of the fact that at least one highly 
previously reiterated that such defects could not be demonstrated by X ray. 
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to be congratulated upon producmg the radiological evidence of these bdateral and uni- 
lateral defects of the pars mterarticulans He insists that obhque lateral %news at about 30" 
from the antero posterior position are essential for their demonstration These deformities m 
themselves are not the cause of all the sjTnptoms presented by the patients, but they 
indicate a structural defect, a flail 3 omt, which must be counteracted by the soft tissues 
winch are more susceptible to o\erstrain He concludes that trauma is only an mcidental 
aggravating factor in these cases, two tlurds of the cases did not reach their earlj twenties 
•without suffering pam in the bach The oedema ansmg from overstramed soft tissues with 
consequent nerv e pressure, is held responsible for the pam In discussmg neuro-vascular 
and nsceral symptoms presented by patients, the author states that ‘skeletal overstrain 
can affect the nearby sympathetic nerves causing anterior and vusceral neuro vmscular 
disturbance’ 

The histones of the patients have been carefully ehcited, and the tragedies recounted of 
men of athletic activity and patnotic spmt, who have suffered the stigma of mahngerer, 
neurotic and even mental defective, are well calculated to cause the clmician to ponder 
gravely and pursue lus case lustory and teclmical investigation e'Uiaustively, before com- 
mitting himself to diagnosis m these difficult cases 
We may sjunpatluze with the author’s question ‘Smce most of the present authontative 
wntmgs by gynaecologists, urologists, abdominal surgeons, “mtermsts” and psj’^chiatnsts 
pay little attention either to the pam of spinal ongm which may simulate visceral pam, or 
to the neuro v'ascular sjmiptoms which can anse through sympathetic irritation hj skeletal 
lesions, IS there not a need for a radical reassessment of our differential diagnoses’’ 

Dr Roberts agrees with many of his predecessors that these troubles are ultimatelj due 
to man’s adoption of the erect posture Surely this theme has been long overdone The 
more w e study anatomy the more we marvel at the excellence of Nature’s handiw ork, but 
certainly it is a surpnse that more shps do not occur during the embryomc adventures of 
any ammal m attauung the standard pattern It maj be that many anatomists and chni- 
ciaiis will consider that the author sometimes ov'erstretches his thesis, but that is to be 
expected m the mtroduction of a doctnne 

Examination of the radiographs chnehes the argument in favour of those who raamtam 
that their interpretation is stnctly a matter for the ex-pert radiologist Indeed, as a side 
issue to the teacher of anatomy, it is a debatable point whether the substitution to his 
students of the shadow for the substance, has not already gone beyond reasonable limits 
A minor point of criticism — ^possibly due to the case-histones liavung been culled from 
field records — ^is that the average reader is probably still pedantic enough to object to such 
abbreviations as ‘Pain wakes him at night, gets up and walks about for a while’ 

The format of the pubhcation is excellent u d lockhart 


Cardiovascular Studies By Kevneth J Frankli,n , D M , F R C P (1948 Pp wi 
-h306 With frontispiece and 102 figures ) Oxford Blackwell Scientific 
Publications 

This IS an interesting work It is written with the scholarship and erudition which mark 
all Prof Frankhn’s wntmgs, though we tlunk he is at lus best in Part I, a histoncal ‘note’ 
running to 47 pages, on the Eustachian valve and the intervenous tubercle of Lower 
Apart from the smoothlj flowing and felicitouslv worded narrative, the author bnngs to 
this histoncal studv an enthusiasm which is contagious, and which whets our appetite for 
the rest of the book Part II has not quite the unitj and cohesion of Part I, for it consists 
of miscellaneous elements, including a bncf discussion of temunologv , a descnption of 
techniques, an account of how the essential ideas underljang the book dev eloped, references 
to the hterature, and observ ations on the human heart On the question of terminology , 
we must confess to some unhappiness ov er the author’s substitution of ‘ensta interv cniens’ 
for the interv enous tubercle 



Reviews 

Part III constitutes the mam bulk of the book, and consists of references to the literature 
and detailed observations on a large number of mammalian hearts This part cannot be 
read in the ordinary sense of the word, but it is an exceedingly valuable compilation of 
factual matenal for reference purposes Apart from the great mass of descriptive matter 
m Part III, matter which will assuredly be of permanent value irrespective of the author’s 
interpretation of it, his mam concern is with the sigmficance and formation of the Eustachian 
valve For this purpose he introduces two novel cntena for classifying hearts, namely the 
Heart Type, and the Heart Index 

The Heart Type is determined by the direction of blood flow in the superior vena cava, 
which on entering the heart may impinge (a) on the caudal floor of the right atnuni 
immediately to the atrial side of the Eustachian valve, the medial cornu of vhich is 
attached either to the surface of the fossa ovahs dorsal to the sternal pillar of its limbus 
[type I], or to the sternal pillar [type II] , (b) on the caudal floor of the right atrium between 
the Eustachian valve and the right atno- ventricular onfice [type III] , (c) directly into the 
right atrio-ventricular onfice [type IV] The Heart Index is the 

maximum height of Eustachian valve 

7 x 

heart length 

and indicates the degree of development of the Eustachian valve, it should perhaps be 
more aptly designated the ‘Eustacluan valve index’ The mam thesis of the book is that 
there is a correlation between Heart Type and Heart Index, and that furthermore the 
formation of the valve is stimulated haemodynamically, its height depending upon the 
angle of impingement on the atnal floor of the blood of the superior vena cava This is an 
interesting concept, though one which it is difficult to submit to experimental venfication 
However, we agree with the author that the validity or othenvise of this concept vill not 
‘reduce the general value of the book as a contribution to the comparative anatomy of 
the mammalian heart, and as an mtroduction to the literature on that and on allied subjects’ 

Any review of this book would be incomplete if it failed to draw attention to the fact 
that the author, a Professor of Physiology, has contributed a study vliich at first sight 
appears to follow the tradition of classical morphology Throughout the book, lion ever, 
he IS ivTiting against the background of the experimental studies so brilliantly conducted 
by himself and others, and is thus enabled to arrive at a firmly grounded functional evalua- 
tion of his observations Prof Frankhn’s work represents an admirable illustration of 
harmonious combination in the study of structure and function There are anatomists to 
whom function merely spells a senes of airy generalizations and speculations based on 
scanty morphological observations Not so the author of this book By his assiduous 
devotion to morphology on the one hand, and the avidity ivith which he employs the most 
effective experimental teclmiques available on the other, Prof Franklin has shoim himself 
to be a worthy modern exponent of the true Huntenan tradition J M Yorrri 
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IN MEMORIAM 

JOHN KAY JAMIESON. MB, CM (Edin ), LL D (Leeds), 

MA (Dublin), M CH (Dublin), 187&-19.i8 

John Kay Jamieson, Professor of Anatomy m the University of Leeds for twenty -six 
years and m the University of Dublm for another eleven, died at Dublin on 20 August 
1948, aged 75 By his death the Anatomical Society loses one of its oldest members, 
as he was elected at the famous Summer Meetmg of 1897, in Trmity College, Duhim 
Bom m Shetland m 1873, he was the fourth son of Robert Jamieson of Sandness, 
other members of whose family also distinguished themseh es academically He 
attended the Sandness Madras School which his father had estabhshed before the 
Scottish Education Act of 1872 with the assistance, it is understood, of the tmstees of 
the Rev Dr Andrew Bell (1753-1832), himself the founder of the Jladras College at 
St Andrews Jamieson’s eldest brother, Francis, after a period as Lecturer m 
Humanitj’' in the University of Edmburgh, became H jM Chief Inspector of Schools 
for Scotland, his two younger brothers entered the medical profession — Dr E B 
Jamieson, until lately Senior Lecturer m Anatomy, University of Edmburgh, and 
Dr J P S Jamieson of Nelson, New Zealand 
In 1894, after graduating M B , C M at the University of Edmburgh, Jamieson 
took up his first post as Demonstrator of Anatomy with JIacdonald Bro%vn, Lecturer 
in the Extra-mural School of Medicme, at Surgeons’ Hall Next year he was 
appomted Demonstrator under Wardrop Griffith at Leeds, and so began a penod of 
41 years’ service to the School of Jledicme there In 1910, vhen Griffith was 
translated to the Chau of Medicine, Jamieson n as the natural choice to succeed him 
as the first n hole-time Professor of Anatomy m the University of Leeds 

From 1910 to 1914 he served as Sub-Dean of the Faculty of Medicme and was 
Resident Warden of Lyddon Hall, the hostel for men students But it u as durmg 
the 1914-18 War that his talents as adramistrator led to senous demands on his tune 
and energ}' which v ere thus heavily mortgaged to the conduct of affairs throughout 
the rest of his period in Leeds From 1914 to 1918 he acted as Dean of the Facultj 
of Jledicme and u as Registrar, later Commandmg Officer mth the rank of Lieut - 
Colonel, of the East Leeds War Hospital In 1918 he uas formally appomted Dean 
of the Faculty, an office uhich he retained until he left Leeds m 1936 Durmg these 
eighteen years he vas continuouslv a member of the Unnersitj Council, he was 
Pro-Vice-Chancellor 1923-25 and m 1923-24 Actmg Vice-Chancellor of the Uni- 
versity From 1928 to 1936 he also represented the University of Leeds on the 
General Jledical Conned, and it is not surpnsmg that he came to be regarded as the 
dominant personality m the Leeds School of Jledicme 
Jamieson’s outstanding semces to the University of Leeds and to its School of 
Jledicme m particular have indeed been handsomeh acknowledged by one of his 
colleagues {Lancet, 18 September 1948, p 479, and Leeds Unii^ersity Eevietc, 1948) 
Here it is sufficient to record that he nas the cluef architect of the great dei elopment 
of the Leeds School of Jledicme during the inter-var jears — the estabhshment of 
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a new School of Dentistry in close relation to the General Infirmary (1928) the exten- 
sion of the Department of Physiology (1930), with subsequent provision of Depart- 
ments and Chairs of Biochemistry and Pharmacology, and the building of the 
gernon Firth Institute of Pathology (1933) On the occasion of his departure from 
Leeds for Dublin in 1936, the University of Leeds also acknowledged its debt to 
Jamieson by conferring on him the degree of LL D and by the presentation of a 
chaiacteristic portrait that now hangs in the Library of the School of ]\Iedicme 
For in 1936, to the surprise and regret of all his colleagues, Jamieson decided to 
accept an invitation from the University of Dublin to succeed A Francis Dixon in 
'the combined chairs of Anatomy and Chirurgery and of Human Anatomy and 
Embryology A transfer from one University to another after 41 years’ service is 
unusual , but Jamieson was then approaching the normal age of retirement at Leeds, 
and Trinity College offered him an additional five years’ service to Anatomy un- 
burdened by excessive administrative demands In the event, owing to the outbreak 
of war and other factois, he remained in office at Trinity College for eleven j'^ears until 
his final retirement in December 1947 The University of Dublin admitted him to the 
degrees of M A in 1938 and of M Ch in 1947, the latter degree an unusual distinction 
indicating the high value set on his work by his surgical colleagues 

Jamieson was no stranger to Trinity College and Dublin, he was welcomed there 
as a friend, and he quickly made an honoured place for himself in academic and 
medical circles and in the affection of his students and colleagues {Lancet, 4 September 
1948, p 397) He was at once elected a Fellow of the Royal Academy of I\Iedicinc in 
Ireland, and he served later as President of the Section of Anatomy and Physiologj'’ 
He took a great interest in the well-being of that Section — his usual pithy comments 
became a feature of its discussions — ^and he contributed two papers to its Pj oceedtngs 
‘The distribution of lymphatics’ (1936-37)and ‘The teachmgof Anatomy’ (1941-42) 
In relation to his older Chair of Anatomy and Chirurgery, which originally carried 
beds in Sir Patrick Dun’s Hospital in Dublin, he was appointed Consulting Anatomist 
to that hospital , and he was elected also a Member of the Royal Irish Academy ( 1 937) 
As a teacher of Anatomy Jamieson’s reputation was early established, and there 
is abundant testimony that it stands very high with his former students at both 
Leeds and Dublin He was a regular attender at the Leeds and West Riding Medico- 
Chirurgical Society, of which he was made an honorary life-member— a rare distinc- 
tion, and his teachmg was strongly influenced by practical clinical considerations in 
the Leeds tradition His lectures on Anatomy m relation to function and to practice, 
delivered in a very characteristic style and abundantly illustrated by simple diagrams, 
held the attention of his students and made them think for themselves He excelled 
in the intimate teaching of the dissecting room, and he took great delight in the 
demonstrations that he continued to give there during the whole period of Ins 

professorships ' , i i 

As an examiner Jamieson had a very wide experience and was adept m 

assessing a candidate’s knowledge in a short space of time He had examined 
m most of the British Universities, and during the 1914-18 Bar and for 
some time after, he served continuously as External Examiner at ^nity College 
so tliat, as has been said, he was no stranger when he arrived “ 

At one period during-the Second World IVar, omng to ditncultios of Ir.irc , 
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enjoyed, and confessed that he enjej’^ed, the unique distinction of examining in all 
the Schools in Ireland 

Jamieson’s w eII-kno^vn contributions to the Surgical Anatomy of the Lymphatic 
System — made principally before he was immersed m administrative duties — have 
stood the test of time The reputation of Leeds m Surgery and the fact that a number 
of rising young surgeons, including Berkeley Moynihan, were Honorarj’' Demon- 
strators of Anatomy and among his first friends in Leeds, directed his interest to 
investigations that would assist m surgical advance With the late Mr J F Dobson 
he was earty engaged m the time consuming labour of investigating the lymph- 
dramage of various regions and organs by means of Gerota’s method, of which they 
published a brief account ‘ On the injection of lymphatics by Prussian blue ’ [J Anat 
1911, 45, 7) The mam fruit of these labours was a senes of papers that began to 
appear in 1907, first as the Arris and Gale Lectures on ‘ The Ijmiphatic system of the 
stomach’ {Lancet, 1907, 1, 1061) and ‘The lymphatic system of the caecum and 
appendix’ {xbid 1907, 1, 1137), followed by ‘Excision of the caecum and ascending 
colon with the corresponding lymphatic area’ {ibid 1908, 1, 149), ‘The lymphatics 
of the colon’ (Ptoc Roy Roc Med 1909,2, 149), in which their well-known grouping 
of the colic lymph-glands was described, and ‘ The 1 junphatics of the testicle ’ {Lancet, 
1910, 1, 493) At the Summer Meeting of the Anatomical Society m July 1907 at 
Edinburgh, they had given a ‘Demonstration of lymphatic vessels and glands injected 
accordmg to the method of Gerota’ (J Anat 1909, 43, Proc p ii) and, after the 
interruption of the 1914-18 War, the last paper m this notable series appeared 
‘ The lymphatics of the tongue with particular reference to the removal of Ijmphatic 
glands in cancer of the tongue ’(Rni J Surg 1920,8,80) In that paper they named 
the jugulo omohyoid gland as a companion to the jugulo-digastric gland of Leaf — 
limiting between them the deep cerncal glands that receive lymph directly from the 
tongue — and they said the last word about the Ijmiph-dramage of that organ while 
operative excision was still the treatment of first choice 

Although radio-therapy may tend to replace operative surgerj’- m the treatment of 
malignant disease, these studies of Jamieson and Dobson m the Surgical Anatomy 
of lymphatic drainage retain their basic value, and the usefulness of their illustra- 
tions to students is testified by their inclusion in our standard text-books 

Jamieson, like many other anatomists, was an open-air man m such spare time as 
he had He was an ardent golfer — and we use the adjective advisedly His w alk w as 
always characteristically rapid and, so far as the field in front of him would allow , he 
raced round a golf course as if there were no tune to lose, his partners and opponents 
sometimes hard put to it to keep up with him He was a regular player at the 
Alwoodley Club in Leeds and he joined the Island Golf Club at Dublin He took part 
in all the Staff Competitions at Trimtj’^ College and w on the Staff Golf Cup tivice 
It was one of his chief regrets, though he made light of it, that increasing disabilities 
in later years prevented lum enjoying the strenuous exercise on the golf course to 
which he had been accustomed 

Of Jamieson the man, a personal appreciation by one of us has already appeared 
{Lancet, 4 September 1948, p 398), and a striking testimony to his popularity among 
his students and the esteem m which they held him has been contributed bj one of 
themselies {Brit nied J 11 September 1948, p 535) With his Norse origin, he was 
Anatomy 83 4 
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a man of arresting personality that instantly impressed all with whom he came in 
contact On further acquaintance, as his rugged appearance and his unconventional 
outlook and manners became familiar, few could resist the kindly disposition and the 
essential friendlmess that they imperfectly concealed Well read in classical literature, 
he was steeped in his native lore, and he had a fund of curious information on 
surprising subjects His conversation was not only always stimulating but also on 
occasion surprising too He had the most penetrating judgement of men and their 
motives, and Ins advice, sought by many m private as well as m public affairs, was 
invariably shrewd and solid Inevitably he had a large circle of friends, and he was 
an indefatigable and lively correspondent, increasingly so after his transfer to 
Dublin his letters were the kind that one keeps — informative, amusing, gossipy, 
often cryptic and not infrequently pungent in their comments on local and otlicr 
affairs It may confidently be said that John Kay Jamieson will always be gratefully 
remembered by his pupils, his colleagues and his friends as a notable and remarkable 
figure, whom to have known has indeed been a liberal education 

Professor Jamieson married Elisabeth, daughter of Dr R P Good worth Her 
kindly welcome is a happy memory of all former members of her husband’s Staff at 
Leeds She died there in 1936 — her loss may well have affected his decision to move 
to Dublin — and they leave a daughter and a son. Dr John Jamieson, to whom we 
extend our sincere sympathy 

j c B 

n G I 
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GEORGE LINIUS STREETER, A B , A M , M D , D Sc , Sc D (Dublin), 

. LL D (Michigan), F R S Edinb 

Sometime Assistant in Anatomj , Johns Hopkins University 
Professor of Anatomy, Wistar Institute, Philadelphia 
Professor of Anatomy, University of Miehigan 
Research Assistant, Carnegie Institution of Washington 
Direetor of the Carnegie Laboratory of Embrj ologj , Baltimore 
Member of many Learned Soeieties 

Honorary member of the Anatomical Society of Great Britain and Ireland 

The sudden death, at the age of 75, of Dr George Linius Streeter has removed from 
the contemporary field of human embryologists its greatest figure Dr Streeter nas 
tramed in the great tradition of descriptive embryology and neurology and his 
earlier n ork, summarized in Keibel and Mali’s Manual, was concerned largely with 
the development of the human peripheral and central nervous systems After 1914, 
however, when he left his position as head of the Anatomy Department at the 
University of Jlichigan to go to a full-time research post at the newly founded Carnegie 
Laborator)'' of Embryology m Baltimore, his embrjmlogical mterests became much 
broader, or, at least, found an opportunity to reveal themselves more fullj’" FoUowmg 
the tragic death m 1917 of Prof Mall, Dr Streeter became Director of the Laboratory 
which had already a great reputation, and which will always be associated with the 
name of its great founder Dr Mall Under the directorship of Dr Streeter the 
laboratory gren from the unachieved brilliance of Mall’s concept to its present 
position as the most important laboratory of embrjmlogy m the world 

This fulfilment of Mall’s dream n as due to Streeter’s vision, energy and personahtj’’ 
He saw that such a laboratory must be more than a repository of human embryos 
To fulfil the aims of the founder the evpenmental and comparative methods must 
be added to the descriptive approach, and the basis of embrj ological study — sev 
and reproductive physiologj — had to be explored Finallj% m the background of all 
the work there had to be a broad biological interest in embrjms as hving organisms 
with historical impulses (nhich, for Streeter, were genetical) and structural adapta- 
tions necessarj" for copmg with, or exploitmg, the emoronment 

To achieve these ends Streeter gathered round him a brdhant group of m\ esti- 
gators, the Lev ises, Comer, Wislocki, Heuser, Hartman, Metz, Gey, Bum, Flexner 
These, with collaborators from the Johns Hopkins Department of Anatomj , Hines, 
Schultz, Straus, Gersh, and a host of xositing workers from all over the world, under 
Dr Streeter’s guidance, engaged in problems the full extent of which can be studied 
in The Animal Report, of the Director of the Department of Embryology of the Carnegie 
Institution of 11 ashington, and in the Coninbiitions to Embryology of which vols vm 
to XXIX appeared under his editorship and which ‘with self-effacmg deiotion, wnth 
adherence to the highest standards of technical perfection, and wnth the capacitj 

4 2 
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to enlist skilled collaboration on the part of scientific contributors, illustrators 
printers and engravers, and the Institution’s Office of Publications, made a veritable 
treasury of embryological progress, famous among the world’s arcluves of science’ 
(to quote from the prefatory note to vol xxx of the Contributions, dedicated to him 
by his colleagues and other workers) 

While he was concerned with providmg facilities for all these workers, with the 
editing of their publications, with his duties as administrator of a large laboratory 
and with expanding the research collection of human embryos, Dr Streeter found 
time to do a great deal of personal investigation, either alone or in collaboration 
His descriptions of the development of the internal ear and the cranial sinuses are 
classical His surveys of early human developmental stages and of the Miller ovum 
consitute the basis for all the beautiful Hertig and Rock material which has revolu- 
tionized our knowledge of the early development of man His work with Dr Heuser 
on the early stages of the pig and, especially, of the Rhesus monkey are fundamental 
His last publications, on human developmental horizons, are characterized not only 
by a meticulous accuracy, but by a breadth of biological vision wluch is a revelation 
of the way in which embryology should be studied and presented To these achieve- 
ments can be added many other significant studies, such as those on twinning, 
developmental abnormalities and metamerism of the central nervous system 
To conduct a department of this magnitude, to carry out personal research, to 
attract workers from all over the world, to welcome and inspire them, required 
a man with a high sense of duty, a love for his fellows, a spirit of enthusiasm, un- 
selfishness, simplicity and friendliness, a readiness to see another’s point of vicav, 
and a sense of humour These were the characteristics of Dr Streeter 

The photograph was taken by Mr F J Pittock in Prof J P Hill’s laboratory 

J D B 
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PROCEEDIN'GS OF THE ANATOjSHCAL SOCIETY 

NOVEJIBER 1947 

The Annual General Meetmg of the Society, for the Session 1947-48, was held on Friday, 
28 No\ ember 1947, in the Anatomical Department, Umversity College, Gower Street, 
London, the President (Professor A B Appleton) m the Chair 

Professor J Z Young presented a commimication on ‘Narromng of nerve fibres at tbe 
nodes of Ranvier’ 

Measurements of the thickness of the avon and myebn in serial sections through nodes of 
Ranvier of rabbit’s nerves show that the axon becomes reduced, ov er a length of about 25/i, 
to as httle as a quarter of the diameter it shows along the mtemode This constriction is 
produced by an mcrease on each side of the node m the thickness of the myebn, n hich may 
reaeh T 5 n compared wth 2 5/i over the rest of the fibre The axon is thus reduced at this 
point to a narrow channel, about 5/t in diameter in the case of a large fibre, surroimded bj 
a mj ehn sheath of 7 5/i thick The axon also remains narron in tbe node proper, the region 
vhere it is not surrounded by any mjehn, the length of tins being about 5/t in tbe ease of 
the largest fibres 

The great narrowing of the fibre at the node, together mth the mcrease here of the mj ehn, 
may be responsible for some of the membrane hke properties winch have been recorded as 
observable eleetncally at the nodes No ^^slble transverse membrane has been seen crossmg 
the axon itself at the node, but the axoplasm may shon slight differences of stammg where 
it becomes narron The mturmng of the neurilemma to make the cementing disc can also 
give appearances difficult to distmgmsh from those of a transverse membrane across the 
axon 

Professor Le Gros Cl,vrk inquired if tbe constrictions observed m the preparations might 
not be artefacts, and Professor Y oung rephed that they did not occur elsen here on the nerve 
fibres, and other workers had recorded similar appearances 

Professor MacConaill asked if narroinng of nerve fibres had been noted in other 
mammals, and was told that they had been obsen ed but that the relative measurements 
of nodal and internodal regions differed m the various orders of Mammaha 

Dr Weddell inquired if there n as any significant vanation m the degree of narrowing 
of the fibres from one rabbit to another, and Professor Young rephed that he had not gone 
into tlus matter fully but that m the nem'es of frogs he had observed some variation 

Dr J Joseph read a paper on ‘Quantitative nuclear changes m the peripheral stump of 
the greater splanclmic nerve of the rabbit’ 

Tlie greater splanchnic nerve of the rabbit is composed almost entirelj of small mj ehnated 
fibres In normal nerves the number of nuclei in right and left nerv es and at tvv o lev els in 
the same nerve is not sigmficantly different There is, however, a significant difference 
between individual rabbits After 21 days’ degeneration, the peripheral stump shows an 
increase m tlie number of nuclei of the order of onlj 34%, as compared with 800% in 
a large nij ehnated nerv e, and wnth 0 % in a non-mj ehnated nerv e These differences maj 
be explained by the quantitj of degenerating mj ehn and/or the size of the fibres Prev lous 
inv cstigators attempted to relate the proliferation of the cells m tlie penpheral stump to 
rcgcnerotion, the proliferation being neccssarv either for a pathwav for the growang axon 
or to produce mv elm for the maturation of the fibres At 21 da> s it is impossible to determine 
to which tvpe of celt the mcrease in number is due 

Professor Yorrnv inquired if the author had made anj specific tests for macrophages 
following degeneration Dr Joseph rephed that while it was impossible to distinguish 
between the different tvqies of cell m a transverse section of the greater splanchmc nerve 
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two types of cell could be recognized after 1 neck of 
degeneration Comparison of the two might determme to nhat e\tent different cells had 
increased He added that other investigators have stated that there is ^relsfin the 
number of macrophages m relation to degenerating small fibres 


Dr L Chacko read a paper on ‘The laminar pattern of the lateral genieulate body in Man 
and the lower primates’ ' 

Reconstruction models of the gemculate body m Man, Macaco, Lemur, and Microccbus 
ave been prepared They sliow that in the pnmates the geniculate body varies from the 
completely ‘mverted’ type m which the small-celled laminae are contained nithin the 
concavity of the large-celled lammae, to the completely ‘everted’ type in vhicli the large- 
celled laminae are contained witlun the concavity of the small-celled laminae The laminar 
pattern m Man has been studied m relation to the projection of the central and peripheral 
fields of the retina on the gemculate body, and also inth special reference to the distribution 
m the retinal field of colour sensitivity Finally, the total number of cells m each set of 
lammae of the human geniculate body has been computed from serial sections, from vhicli 
it appears that the ratio of crossed to uncrossed fibres m the optic tract is approximately 
60 to 40 


Professor Le Gros Clark, commenting on the functional significance of the laminar 
pattern, emphasized that a recording of electrical responses from localized areas of the 
gemculate body during the stimulation of the retina mth monochromatic light might help 
m the elucidation of the problem Dr Chacko remarked that a record of the areas of 
degeneration of the geniculate nucleus after prolonged exposure of the retina to mono- 
chromatic light, and a detailed analysis of the nucleus m cases of colour scotoma might also 
help 


Dr W H Feindel read a paper on ‘ The pattern of innervation in the muscle-spindle of 
the rabbit’ 

Using a modification of the mtravital methylene-blue teclmique it has been possible to 
demonstrate the entire pattern of the intramuscular nerve supply of a lumbrical muscle m 
the rabbit In such a preparation it is possible to study the relationslup of the vanous nerve 
fibres and endings concerned with the innervation of the muscle spindles, for the muscle is 
small enough to allow complete examination without sectioning 

It has been found that the muscle-spindles are supplied by one large myelinated nen^e 
fibre and by at least four smaller fibres, and the distribution of these in relation to the 
intrafusal muscle fibres has been defined The large myelinated fibre, shoivn by Shernngton 


(J Physiol 1894 , 17 , 211 - 250 ) to be afferent in nature and by Lloyd (J Neurophysiol 1043, 
6, 317-326) to subserve the stretch reflex, has been traced to a single fibre directly from one 
of the muscle-spindles to the mam nerve bundle The terminations n ithm the muscle-spiiidle 
of the smaller nerve fibres show considerable vanation m morphology and m many cases 
are supphed by at least two axons 

Dr Weddell congratulated the author on lus development of the new intravenous 
methylene-blue method for studying the nervous system 

Dr Baricer asked if the diameters of the large afferent nerve fibres both at the spindle and 
in the mam nerve to the muscle had been measured Dr Feindel replied tliat while he ha 
not yet made careful measurements there seemed to be no great discrepancy m lame er a 
one traced them from the spindle to the mam muscle nerve 

auout twace the diameter of the next largest fibres and were, t^refore the onlj posable 

fibres wluch could act as the rapidly conducting afferent arc of the ^ tocether 

pointed out that the arrangement of a large afferent fibre and motor f^bre rnnningJogetUor 

without 'branching from the end-organ to the mam muse e n priflmaq micht be 

relation to the tendon-organ, and that either or both of the organized endings might 

concerned in the stretch reflex 
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DrC H A Wedeuss (introduced by Professor J Z Young) read a paper on ‘The effect 
of increasing the functional load of a muscle on the composition of its motor nerve’ 

Tins experiment is part of an inv estigation designed to ascertain the mfluence of pen- 
pheral connexions on the structure of motor fibres It is now known that the peripheral, 
as well as the central connexion, is an essential contnbutor to the restoration of mjured 
nerves Normalization of fibre number and diameter proceeds imperfectly mth sev ered or 
non functiomng distal connexions 

The medial beUj of the gastrocnemius muscle of the rabbit on one side was made to 
perform extra vv ork bj denervatmg the lateral bellj , plantans and soleus, the other side 
serving as control After 100 days the overloaded normal nerve showed an mcrease both 
of the total number of its constituent fibres and m its total fibre area There is a shift of 
fibres mto larger size groups, and previouslj ‘ non-medullated ’ fibres acquire mj ehn sheaths 
The effect of ov erloading a nerv e during regeneration was also studied b} crushmg the 
nerve to the medial head of gastrocnemius on both sides and denervatmg the other muscles 
as before on one side onlj' After 100 dajs of regeneration the overloaded nerves_ showed 
a considerablj greater number of fibres, but these w ere not larger than normal 

Professor West mquired as to the source of the additional nerv e fibres and was informed 
that the author was quite ignorant as to their ongin or function Dr Wedeles suggested, 
however, that either the so called ‘unmjehnated’ fibres had acqmred a thicker mjehn 
sheath and so become visible by the Weigert-Pal techmque, or that there had occurred 
a branching of existing fibres m response to muscle hyperplasia There are no facts to prov e 
either assumption and further work must be done to elucidate the problem 

Professor Young remarked that m anj case the increase m the number of new nerve 
fibres was not large 


Dr B Franken eiaeusek read a paper entitled ‘A method of determmmg the cutaneous 
distribution of a sensoiy nerve by means of action potential recording’ 

The cutaneous distnbution of the saphenus minor (sural) nerve in the rabbit has been 
determined by recording the action potentials produced m the nerv e following stimulation 
of the hairs The hairs were stimulated with a no 3 nj Ion suture mounted m a metal holder 
The action potentials were led off from the exposed nerve b> two silver-silver chlonde 
electrodes feeding into separate amplifiers Stimuli outside the area of distnbution of the 
nerve gave nse to no action potentials, but when stimuh were apphed to the autonomous 
zone several spikes w ere recorded Stimuh apphed to the intermediate zone produced a few 
spikes only It appears that w hen the nerv e has suffered no damage ev erj spike visible m 
the record from one electrode is also visible in the record from the other The cutaneous 
distribution of the saphenus minor nerve so outhned is m general agreement with that 
previously found by Weddell, Gutmann <SL- Gutmann (1941) 

It IS submitted that this method of outlining sensorj areas m the skm, m which the 
phj siological mtegntj of the nerv'e and its cutaneous end-organs is preserv ed, is more v ahd 
than the older destructiv c procedures, and therefore has a place m the anatomical arma- 
mentarium 

Dr AVeddell and Professor J Z Young commented on the chmeal importance of this 
new method for demarcating sensory areas in the skm 

Professor M A jNLvcCon mll read a paper on ‘The mvelothecal apparatus of the axis 
cjlinder’ He described a method of staining the C N S vnth lead as follows 

The mj elothecal apparatus is stained vnth complete regulantj bj the method desenbed 
below It consists of a thin membrane, seemmglv continuous, forming an immediate sheath 
to the medullated part of the axis cj lindcr, i e it is internal to the mj ehn This is the 
primarj part The secondarj part consists of a well marked spongework, extending across 
the mv ehn space, and forming a reticulum on the surface of the mj ehn sheath proper It 
appears to be elastic This part is speciallv dev eloped to form the infundibula at the incisures 
of Sclimidt-Lantermann The pnmarj part is present vnthin and without the brain and 
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cord, but the secondary part is found in penpheral nerves only The development of tlm 
prmary part appears to proceed pan passu wth meduUation 
Paraffin sections are brought through the alcohols to a saturated solution of picric acul 
toxTn r immersed in acid fuchsin (1 o/„, 10 mm ) and then in leJd liaema- 

oxylin (made by mixing equal parts of aqueous solutions of liaematoxyhn (2%) and lead 
nitrate (5 /o) , tap water may be used, the mixture is filtered and allowed to ripen for 1 or 
7 ’ (4 mm ) Lastly, they are placed m saturated ammonium molybdate solution for 

mu course, washed well (tap water) between each of the foregoing 

stages The times given are for 6p sections, they should be halved for 12/i sections, except 
tor the ammonium molybdate bath Results nerve cells and dendrites, dark bronn 
nucleoli of nerve cells, red, axis cylinders, dark blue to black, myelothecal apparatus! 
bright red, collagen, dull pmk, red blood corpuscles, rose-red 
Dr R G Habbison remarked that he had hitherto agreed with Nageotte that netuorlvs 
of the character demonstrated were artefacts, but now thought otherwise as a result of the 
series of differences between the various types of nerve fibres shown by Professor ]\Lvc- 
CONAILL 


Professor H BAECBorr and Dr C T C Hamilton (introduced by Professor J Z Young) 
read a paper entitled ‘Results of sympathectomy in the upper limb’ 

(1) Examination of seventeen upper limbs 1-6 months after sympathectomy (pre- 
ganghonic section) showed (a) Marked clinical improvement No recurrence of the attacks 
in fourteen out of sixteen hands operated on for Raynaud’s disease In two hands the 
attacks were less frequent and less severe (b) That vasometer and sudometer reflexes pere 
absent (c) That therefore preganglionic section equals complete sympathectomy of the 
limb Th 1, which is not cut, does not convey sympathetic fibres to the hand 

(2) Examination of a further tliirty-six upper limbs 1-6 years after preganglionic section 
showed (a) Marked chnical improvement No recurrence of vasospastic attacks in eighteen 
out of thirty-six limbs operated on for Raynaud’s disease In fourteen hands the attacks 
were much less cripphng In only four had no benefit been obtained (b) That vasomotor 
and sudomotor reflexes ivere absent in some hmbs, but present m many (c) That nervous 
connexion between brain and the vessels and sweat glands of the hands is often re-estab- 
lished (d) That the persistence of the excellent clinical results m spite ofthere-estabhshment 
of a vasomotor path probably signifies that the new path is functionally infenor to the 
original one (e) Thatpartial regeneration is the most hkely explanation of the new nerv'c path 


Mr K C Richabdson read a paper on ‘ The problem of contractile tissues in the mammary 
gland’ 

Four components of the mammary stroma may be involved in varying degrees in the 
mechamcal transfer of milk from the alveoli to the ducts and cisterns, but recent physio- 
logical investigations suggest that the myoepithelial cells, associated Math the alveolar 
epithelium, are the mam contractile component, and that smooth muscle bundles, elastic 
fibres and blood vessels are of minor importance The position, number and morpholog}^ of 
the myoepithehal cells in the goat mamma have been examined in preparation for further 
exTcnments on the structural changes m the udder associated Math the phenomenon of 

^^Dr G™es inquired whether there M'as not some possibility of confusion 
fibres and myoepithehal cells Some of the silver preparations shoMn reminded him 
!ta„ed argSS..le Abres and he wondered how one ys f 

these and contractile elements Mr Riciiabdson distribu 

silver impregnation m the mammary gland un Jloreovcr, ’tiic sih cr 

tion and location to the s to stain myoepithelium, smooth 

technique could be controlled by "djustmg the pH ^ 
muscle and connective tissue fibres separately Matho y P 
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DrD H L Evans read a paper on ‘Some problems m entenc innenation’ 

The entenc plexuses of the cat, rabbit and frog stamed inth Bielschowskv -Gros, Cajal 
and methj lene-blue methods show that the interstitial cells of Cajal occur not onl 3 m 
relation to the entenc plexuses but also throughout the circular muscle coat The\ form 
the neb like structure of the plexuses m uhieh the nene fibres run, and thus resemble 
Schu ann cells Bej ond the plexuses methj lene-blue preparations show nerv e fibres running 
in the processes of mterstitial cells m their course towards the muscle elements Cajal 
preparations of the circular muscle show columns of nerv es running parallel to the muscle 
fibres and distnbutmg branches which run close to the muscle cells Xo undoubted endmgs 
were found, and it seems possible that a functional sj-napse is estabhshed or er an extensir e 
length of nerv e fibre as it runs adjacent to sev eral muscle cells No penpheral network was 
seen, such as would be expected on the theorj' that post-ganghomc fibres anastomose 
to form a sj'ncj'tium at their temunations 

Dr Glees commented on Stoehr’s conception of the terminal reticulum Thej were not 
artefacts as had been mamtamed bj Nomdez but represented termmal nerv ous arboriza- 
tions The Cajal preparations demonstrated bj Dr Evans did not show a complete staming 
of all nerve fibres Cajal’s techmque was unsuitable for the penpheral nervous sjstem 
The onlj hope of getting some agreement in this difficult field of research would be for the 
two opposmg schools to meet and discuss their conceptions 

Professor Sosa said that m silver preparations, either with Cajal, Bielschowskj Gros or 
Golgi methods, or in Ehrhch’s methj lene-blue preparations, he had nev er found the so called 
'terminal reticulum’ as a real nerve structure ^^^ 1 en it did appear under some teclmical 
conditions, it could be mterpreted as the result of a partial impregnation of pre collagen 
fibnls On the other hand, he had alwajs seen the termmal innervation of smooth muscle 
fibres, m the mtestme and other organs, made onlj bj contact of termmal knobs or masses 
on the surface of the muscle cells as stated bj Cajal 

Dr BiLVNtiT stated that m a recent monograph Hillarp concluded that the ‘termmal 
reticulum ’ of a nerv'e fibre does not exist In Auerbach’s plexus m the gut of Mtjxtne after 
the apphcation of silver mtrate (Schultz Gros method) ganghomc cells and nerv e endmgs 
similar to those Dr Evans had shown, can be demonstrated But there is no penpheral 
network 

Dr E C Ajioroso m a paper entitled ‘The vascular and endometnal relations of the 
placenta of the sow ’ discussed the manner of umon of the trophoblast and the mucosa 

Dr Brvxdt remarked that m a recent number of the Reiue Suisse de Zoologie Tondurj 
had descnbed the placenta of the sow m detail, noting speciaUj the close relationship of the 
blood capillaries to the epithelium 

Professor Nicol congratulated the author on the excellence of his histological prepara- 
tions and photomicrographs 


DrA L vsNUTZM (introduced bj Professors ZLCEEBVLVN)readapaperon‘Investigations 
on the conv ersion of Ijunph-nodes mto hacmoljTnph nodes ’ 

Wide the occurrence of haemolvmph nodes m the normal rat is confined to the renal and 
splenic regions, it has been found that, under expenmental conditions, Ijunph-nodes m 
vanous other regions of the bodj can be converted graduallj into haemoh-mph nodes of 
more or less pronounced character Changes of tins nature were brought about, first, bv the 
influence of a prolonged treatment with the carcinogenic hvdrocarbon 1 2 5 0 dibenz 
anthracene, administered subcutaneouslv m the form of an aqueous colloidal solution 
The haemolj-mph nodes thus produced corresponded in their gross anatomical appearance 
and histological structure to those alreadj present m untreated rats Similar, although less 
staking, results were obtained if rats were treated smularlj with two other carcmogcmc 
hj drocarbons, 3 4 benspvTcne and methv Icholanthrene On the other hand, the two non- 
carcinogeiiic liv drocarbons anthracene and phenanthrene, administered in a comparable 
manner, failed to produce anv appreciable haemolvanphatic changes 
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It lias been observed, further, that abnormally situated haemolymph-nodes, ivith similar 
iindTr^fh properties, also occurred in rats bearing transmissible tumours implanted 

sarcoma) This action was supposed to be due to a substance 
released by the groiving tumour, and subsequent expermients, undertaken from tins point 
ot view, showed that sigmficant haemolymphatic changes, although less frequent and 
pronounced, could be obtained after subcutaneous admmistration of the total lipoids 
extracted from dried tumour tissue The total hpoids contamed in samples of human 
cancerous tissue had similar effects 


Dr J Whillis and Dr G D Channell presented a paper on ‘The action of the lumbrical 
and interosseous muscles in some of the movements of the digits ’ 

Though for the past one hundred years the accepted view has been that the lumbricals 
produce extension of the mterphalangeal joints by a direct pull on the extensor expansion, 
this IS not really the case 

There are two natural movements m which extension of the mterphalangeal joints 
occurs, VIZ (1) opemng the hand when extension occurs also at the metacarpo-phalangeal 
joints, and (2) the movement used in threading a needle where extension of the intcr- 
phalangeal joints is accompanied by flexion of the metacarpo-phalangeal joints 

In opemng the hand the movement is produced by active contraction of the extensor 
digitorum communis accompamed by reciprocal relaxation of the flexor muscles 

In the ‘needle-threading’ movement the extensor commums and the flexor muscles both 
maintain a constant tone Flexion of the metaeaipo-phalangeal joint by the lumbncal and 
interosseous muscles produces automatic slackening in the flexor tendons and tightening of 
the extensor communis which is expended in extending the mterphalangeal joints, the role 
of the long tendons bemg that of mextensible passive hgaments 

The lumbricals also produce radial deviation and rotation of the digits when they are 
opposed to the thumb 

Their role in relaxing the flexor tendons m unnatural movements with the first phalanx 
fixed was discussed 

The results have been checked by the production of acute paralysis by injection of the 
radial and ulnar nerves and by direct stimulation of the lumbncals » 

Professor MacConaill expressed his satisfaction at the facts established, they were 
confirmatory of conclusions drawn from the theoretical mechamcs of the joints 


Dr J McKenzie read a paper on ‘The parotid gland m relation to the facial nen^e’ 
McWliorter i^Anat Rec 1917 , 12 , 149 - 154 ), describing the parotid gland as a bilobed 
structure, was the first to state that the larger lobe, lying superficial to the facial nerve, and 
the smaller, deep to the nerve, were jomed by an ‘istlimus’ consisting of gland parenchyma 
or ducts or both, wluch passed between the two mam divisions of the nerve, the temporo- 
facial and cervuco-facial Recently Hamilton Bailey {Brit med J 1947 , 1 , 404 - 407 ), 
confirmmg these views, stated ‘ There can be no doubt that surgical enterpnse in the parotid 
region has been stultified by the instruction that surgeons have received and are receiving 

*°Se^presSt ?enes of dissections which, it is hoped, ^vlll refute these charges slious tJiat 
further commumcations occur between the two portions of the gland in addition to those 
previously descnbed Small ducts have been observed passing between 
of the facial nerve from lobules of the gland lying deep to the nerve, lobules vliich have 
Sefaeceptd rpart ot the deep -lohe- ot the gland by MetVhorter. Eoub,e« i Cord, or 

'^Se P^'Tld Ct fgr«Zffieo" dlo'S drarvn trom the d.seeet,o„s and 
The PRESIDENT saiQ tiiau ‘ J narotid gland to the facial nerve in early foetal 

this aspect of the problem 
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Dr H J ELAJinisoN read a paper on ‘The vascular supply to the human testis’ 

The blood suppl> of the testis as demonstrated by radiographj' and rmcro-artenographj 
was described Tlie common statement that the testicular artery passes into the substance 
of the testis at the mediastinum is found not to be true The commonest arrangement is for 
the arterj^ on reaching the posterior border of the testis, to dinde mto two branches, both 
of w hich pass into the tunica albuginea to ramify in the tumca ■s asculosa o\ er the lateral 
and medial surfaces l‘espectl^ ely The terminal branches are gi\ en off from these superficial 
branches at vanous points over the free surface of the testis and pass in towards the 
mediastmum, commonlj bending back again to pass centnfugally before reaching it The 
veins draimng the testis are arranged as small, tortuous, superficial veins, deep veins, and 
large short-circuiting anastomotic channels 

Reference w as made to the vascular pattern in the testis of other animals, partieularlj' 
the wallabv, Macropus nifognsea frulicits, in which a sort of ‘reteimrabile’ is formed in the 
spermatic cord by the testicular arterj 

Professor Cave mqmred whether any mdication of the distnbution of the artery to the 
gubemaculum m the testis had been obser\ ed Dr Hahhison rephed that this had not been 
seen, but that the nevt obAnous problem was the elucidation of the distnbution of other 
artenes, e g the arteiy of the vas 

Dr R Baheh. read a paper on ‘Phase contrast microscopy in Anatomy’ 

Some apphcations of phase contrast microscopy to anatomical problems are descnbed The 
method is invaluable for the examination of living matenal both as isolated cells or m the 
living intact orgamsm Transparenc 3 % rather than actual thickness of the specimen, is the 
limiting factor in its use Contrary to what is often stated, the method may be extremely 
useful as an accessory to routme exarmnation of fixed and stained sections Elements which 
maj haA e been poorly stained can often be rendered clearly visible A detailed im estigation of 
the effects of fLxatir es and routine histological procedures on hvmg cells is now in progress 

Professor MacConaill remarked that the microphotographs of nerve cells and of the 
cerebellar cortex shown were remarkably hke lus owm preparations obtained by the lead 
haematoxyhn tecluuque descnbed earher in the meeting 

Dr W F Hakpeb read a paper entitled ‘Further observations on the blood vessels of the 
nasal mucous membrane m mammals’ 

In a previous communication the author has reported the presence of arteno venous 
anastomoses m the human nasal mucosa Observations are now presented on the location, 
relative number and structure of these anastomotic cross connexions between the arterioles 
and the venous blood spaces in the mucosa of the human inferior turbinate Additional 
data concermngthe structure of the walls of the venous blood spaces, the intra-osseous 
vems of the inferior turbinate and the so called ‘Drosselvenen’ of Komer (Z mikr Anal 
Forsch 1936, 41, 131) are given and discussed with reference to the erectile capacity^ of the 
mucosa 

The blood vascular patterns of the turbmate mucosa in the cat, rabbit and certain 
ungulates are descnbed and compared with that of Man 

An interesting type of arteno-venous communication occurs in the turbinate mucosa of 
Neotragus and Mouflon (Ungulata) In these forms the lumma of artenoles open directly, 
through a v'alvular mechanism in the wall of the artenole, mto large venous blood spaces 
without the interv'ention of a specialized connectmg channel 

The PnEsiDEXT commented on the large size of the blood spaces in the human nasal 
mucosa, and Professor Le Guos Cl,vuk suggested that there might be some relationship 
between the blood v ascular channels of the mucosa and the olfactory nerv cs 

Dr G H Bounx'E read a paper on ‘Alkaline phosphatase and vntamin C deficiency in 
regeneration of skull bones ’ 

Holes, 1 mm in diameter, w ere bored m the panetal bones of the skulls of gumea pigs and 
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the holes permitted to heal for periods varying’ from 24 hr tn 9 wooV-a tt j i i 

seotom were eut through the skull passing through the heahng hole Alkahne ,*osS'S,se 

dadv ^ preparations ivere made of these sections Some of the animals imrc 

autOD^^^hesr with trjTpan blue for a veek preceding operation and until 

LoSiL ™ with gmnea-pigs ivliich had been on a 

scorbutic diet for a ■week prior to operation 

The results showed that there was an accumulation of cells resembling polymorph 
leucoc^es, winch gave an intense positive phosphatase reaction, at the site of iniurv 
Osteoblast-hke cells and ceUs ivliich appeared to be forming capillary vessels verc also 
present They were phosphatase positive Macrophages were also present in large numbers 
in the injured area, they gave no phosphatase reaction 

At 3 days there was a considerable decrease m the number of polymorph-like cells m the 
injured area, but numerous phosphatase-positive fibres and some positive capillaries were 
present At 1 week massive concentrations of phosphatase m the injured area heralded tlie 
onset of the trabeculae 


Guinea-pigs on a scorbutic diet showed a reduction not only m the production of fibres 
but in the number of polymorph-hke cells and macrophages present m the injured area 
The ability of those polymorph-hke cells which were present m the injured area to give the 
phosphatase reaction was unaffected by the scorbutic condition 

Dr Wyburn stated that bone continued to form even after treatment ivath cyanide 
winch IS presumed to inactivate phosphatase Dr Bourne replied that he was not directly 
concerned with this problem and he did not deny or assent that phosphatase was concerned 
in bone formation 


Dr A SrxssoR and Dr G M Wvburn read a paper on ‘Bone formation’ 

The occurrence of bone formation m the host tissues (guinea-pig), folloiving the presence 
of bone homografts m the subcutaneous tissues for 5-6 days, vas previously reported 
(Wyburn & Bacsich) Bone homografts consisting of the femoral epiphysis (bone and 
cartilage) were implanted and maintained m the subcutaneous tissues of guinea-pigs for 
3 weeks There was no evidence of bone formation by the tissues of the host 

Bone homografts (pieces of shaft of femur) were implanted into the flexor muscles of the 
hind limbs of rabbits After 4 weeks there was no evidence of bone formation by the host 
tissues 

Blum (1944) asserts that he obtained formation of bone in rabbit muscle after the intra- 
muscular injection of phosphatase His experiments were repeated and, m addition, 
pellets of phosphatase were implanted intramuscularly and left for 4-5 weeks There was 
no evidence of bone formation 

Dr Bourne, in support of the evidence presented, stated that he had introduced extracted 
rabbit phosphatase into holes drilled in rabbit femora, in others he had covered similar 
holes with filter-paper containing rabbit phosphatase, in others he had implanted phos- 
phatase in powder form and on filter-paper subcutaneously , he had also implanted pieces of 
alcohol-fixed urinary blaiider and gall bladder into and over holes m rabbit femora and m 
no case was there any apparent action on bone formation 


Dr P Bacsich and Professor W J Habulton read a paper on ‘Supravital staining 

experiments on the tubal ova of the rabbit . , . + , „r,rT tniinl nva 

1/10 000 aqu solution of toluidin-blue was apphed as supravital stain to living tubal ova 
of the rabbit Sections of tubal eggs were also stained intli toluidin-blue 

zona pellucida, and a more rap t ^^hen it reaches the utenne cavity 

responsible for, the rapid expansion of the blastocyst 
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These supra\ital stauung expenments, probablj the first e-»er earned out on living 
mammalian ova, also revealed the existence in the tubes of large muco-protem spherules, 
structures closelj resembhng those found b5 Hartman (1916 and 1919 ) m the opossum 
The significance of these findings v as discussed 

FEBRUARY 1948 

An ordinary meeting of the Society, for the Session 1947 - 48 , vas held on Fnda3, 
20 Februarj' 1948 in the Department of Anatomy, The Medical School, Hospitals Centre, 
Birmingham, the President (Professor A B Appleton ) m the Chair 

Dr T L KnoHN and Professor S Zuckeriian read a paper entitled ‘ Stimulation of the 
seminiferous epithelium of immature monkejs mth androgens’ 

Androgens stimulate and oestrogens depress the germinal tissues of immature female 
monke3S In neu of this obsenation it was of interest to reinvestigate the effects of the 
same hormones on the immature monke3 testis It is confirmed that oestrogens depress the 
size and actii it3 of the seminiferous tubules Androgens, on the other hand, ha\ e a stimu- 
latmg effect, although, as pre\aousl3' reported, sperm formation has not been obser%"ed in 
our expenments Our nen obsen'ations can be related to comparable findmgs on rats, and 
on h3qioph3 sectomized mature monke3s 

Professor Zuckcrilw pointed out that the same matenal on v hich he and Dr Krohn 
were reporting had been investigated b3 him alone earher, in order to discover whether 
androgen stimulated spermatogenesis in immature monke3S The results of the earher 
mvestigations nere negative, but no attention had been paid to detailed changes m the 
first stages of germinal deielopment 

Professor Boyn congratulated the authors on their findmgs and referred to the vork of 
Tondur3 on the effect of androgens on the speed of clea\age m gromng eggs 

Dr A P D Tuouson and Professor S Zuckeriian read a paper on ‘The lascular and 
nervous connexions of the retina concerned in the response of the gonads to light’ 
Previous expenments designed to determine the optic pathvva3’s along which hght 
stimulation of the retina affects the gonadotrophic potenc3 of the ferret pituitar3 have led 
to equivocal results The problem is bemg reinvestigated m order to discover first, whether 
the initial stimulus is a nervous one, and second, w hether it can be ehcitcd wath the pitmtarv 
transplanted away from the sella turcica Four groups of animals ha\e been used 

(а) animals in which only the optic nerv e fibres have been divaded, and in winch the central 
artery of the retina, and the long and short cihar3^ vessels and nen^es are left intact, 

(б) animals in which the optic fibres are not disturbed, but all these other structures arc 
crushed, (c) animals in which both sets of connexions are dinded (as in all prenous 
corresponding expenments in which the ‘optic nerv es’ have been dmded) , and (d) controls 
The results of this expenment show that the gonadotrophic response is dependent on the 
mtegnty of the optic nerve fibres themselves 

Professor Boyd mquired as to the presence or absence of m3 ehnated and non m3 ehnated 
fibres m the optic nerve Dr Tnovrsox replied that no lustological exanunation had been 
made 

Dr Bourn'S asked if the authors had an3 information regarding the effect of light on the 
reproductive C3'cle of monke3S that do not have a long seasonal penod of anoestrus 
Professor Zuckervian replied that there was no information, to the best of Ins knowledge, 
about the influence of hght on the reproductive cvcie in monkevs, but that it had been 
shown b3 Broman that in tlie rat optic enucleation causes a marked delav in the various 
phenomena characteristic of normal growdh and sexual matuntv 

Dr Glees inquired concerning the difference between optic nerve fibre cut and optic 
nerve cut’ Dr Tiiovison answered tliat in the former the sheath of the optic nerve and all 
the contents of the sheath are damaged as little as possible, and onlv the fibres of tlie optic 
nerv e are sev ered B3 tins means onl3 the central neural connexions betw een the 03 e and the 
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brain are involved and the circulatory connexions are preserved In the case of ontic nnr^ 
cut the sheath and its contents along with the optic nerve fibres are cut and no blood or 
nervous connexions between the retina and the brain are left 

Professor Yoffey inquired about the possibility of degenerative changes follomn^ section 
of the optic nerve Dr Thomson replied that while no histological examination had been 
made he expected to find that a degeneration of the ganglion cell layer of the retina had 
occurred, and he cited cases m man in which this had been noted following certain 
haemorrhages, e g post-partum, melaena, etc 

Professor Goldby remarked that he did not consider that Jefferson’s negative findings 
in the ferret, so far as hypothalamic connexions of the optic nerve ivere concerned, vcrc 
entirely convincing He had lumself observed aberrant optic fibres in the sheep vhich, in 
some cases, run towards the pre- and supra-optic regions These fibres v ere not traced to 
their termination, and it may be that they return to the optic tract althougli they have not 
been seen to do so In Ins opimon the question of hypothalamic optic connexions vas still 
an open one 

The President congratulated the authors on their techmcal skill during these delicate 
operations on the optic nerve 


Dr I C Michaelson (introduced by Professor W J Hamilton) read a paper on 
‘Vascular morphogenesis m the retina of the cat’ 

A study of injected retmae of foetal and adult cats shows the folloiving 

(1) Vessel growth in the retina of the cat is by a process of budding from pre-existing 
vessels No evidence could be found of vascular differentiation from local cells 

(2) The formation of retinal capillaries is pre-eminently a function of the retinal veins 
Only the arteriae afferentes appear to originate from artenes 

(3) If vein and artery are close to each other, gro^vtli takes place initially from the side 
of the vein remote from the neighbouring artery 

(4) The spread of capillary groivth towards an artery extends for only a certain distance, 
leaving a well-marked capiUary-free space around the arteries similar to that present in 
other mammahan retmae such as those of Man, dog, rat and pig 

(5) These anatomical facts are clearly associated with each other Considered as a group 
they suggest the presence of a factor or factors which affect the groivth of retinal blood 
vessels 

(6) The present ontogenetic study shows that the bulk of the capillary system in the 
retina of the eat can be considered as part of the venous system The arterial system is 
shown to be supra-capillary m origm 

Dr Bourne asked if the growth of the regional capillaries might be due to the action of 
inhibitory substances released Dr Michaelson rephed that this was a possibility 
Dr Brandt commented that the author’s injections showed only those capillaries whose 
calibre allowed the injection mass to enter The early sohd endothelial outgroivths from 
the arteries cannot be demonstrated in this way He suggested a further histological 
exaimnation 

Dr Wyburn remarked that environmental differences might affect the new growh ol 
the capiUary network 


Dr B H Dawson read a paper on ‘The blood supply of the optic chiasma 
Since neurologists at the present time favour chiasmal pressure ischaeima as the probablc 
cause of visual field defects in patients with tumours in the chiasmal region, it is neces ary 

to estabhsh the exact blood supply of the optic cluasma , - ^ nf 230 

The details given of the chiasmal ‘Epinenial Ves^Is were based o^isseetions of 230 
fresh P M brains, and m order to avoid teanng fragile vessels the greater part of the 

sohenoid was removed mth the brain en bloc - , , „a +i,rac/> nf the 

The ntimacy of association betiveen the blood vessels of the chiasma, tho^ 
hjrSCs and hypothalamus was desenbed and illu^rated and another arterial anasto 
motic system with the circulus arteriosus nas demonstrated 
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The foramina through ■nhich the ^essels entered the substance of the chiasma ivere 
elearlj shoivn, as nas also the supraclmoid hj’pophj'seal sjstem and its distnbution both 
along the infundibulum and over the infenor surface of the optic chiasma 

Seen clinging to the antenor border of the chiasma was the precluasmal arcade jomed by 
^ essels from the ophthalmic, internal carotid, and antenor cerebral artenes 

The manj small vessels from the proximal part of the antenor cerebral arterj’" which 
provides a nch supply to the supraoptic nuclear region v ere shown and the lugh vasculanty 
of this region noted 

Professor ZuciccnmvN asked for further mformation about the mtimacj of association 
between the vessels of the chiasma and those of the hjTpop^J ®nd hj’pothalamus 

Dr Dawson rephed that he had found a verj' close connexion between the blood -lessek 
of the cluasma, hj'pophj sis and h 3 ’pothalamus and mentioned how verj' difficult it was to 
keep the injection matenal veil localized to anj one of these areas Even vath the profuse 
application of Cushing’s haemostatic chps both before and dunng mjection of the coloured 
gelatine it had been found difficult to fill onlj the a essels of one of those three sj stems 
Professor HAaiiLTON remarked that the pressure required to obhterate the complex 
system of vessels shown would need to be remarkablj’' high, and wondered against which 
unjaelding structure these chiasmal i essels might be compressed Would not the fibres of 
the chiasma be damaged before their blood vessels were obliterated? 

Dr Dawson said that the whole question of pressure ischaemia and nerve conduction 
interference w as very unsettled and that he was attempting to elucidate these problems 
Dr JIicuAELSox fav oured the vascular compression mechamsm in view of the rapiditj’- of 
reeoverj of visual field defects foUowmg decompression 
Professor Young remarked that the vascular pattern on the chiasma was v'ery like that 
of penpheral nerv'e, and inquired whether longitudmal anastomoses had been observ ed 
Dr Daw sox rephed that he had been impressed with the similanty m pattern between 
the V asculanzation of the chiasma and the penpheral nerv'es He could demonstrate the 
epineural longitudinal v essels m his photographs 

Dr IV C OsviAN Hill read a paper on the ‘Blood supplj' of the human caecum’ 
Standard descnptions are based upon figures bj Jonnesco (m Poiner’s Analoime humaine) 
and subsume a svanmetncal arrangement of antenor and postenor caecal artenes This is 
not so m lower Pnmates, wath one exception (Aides), and hardlj to be expected in Man m 
view of difference m size of the two vessels Preparations were shown to mdicate that the 
antenor artery has a relativ elj limited distnbution on the ventral aspect of the basal part of 
the caecum and on an area opposite the ileal entrance The rest of the caecum, including the 

V enfral aspect of its fundus, is supplied bj branches from the postenor v essel, one proceeding 

V entral to the root of the appendix Tlie appendicular arterj is mdependent of both caecal 
tnmks in Hominoidea A specimen of the rare anomalj' of substitution of the dextral for 
the sinistral supplj to the appendix with associated pentoneal anomahes was demonstrated 

Dr Brandt inquired if anj study had been made on the v asculantj of the developing 
human caecum and Dr Hill replied m the negative 

Professor AVest referred to the position of the meso appendix and asked about the factors 
concerned in its final disposition on either the ventral or dorsal side of the terminal portion 
of the ilium, md whether this was m anv waj associated with the rotation of the gut 
Dr Hill rephed that usuallj the mesoappendix was simstral, but that dextral substitution 
occurred occrfsionallv in man and oring and was normal m Lagothnx, and about equally 
common with sinistral arrangement in Aolcs The factors deciding this are unknown 
Dr Ginns inquired whether the vascular arrangements were different m the retrocaecal 
appendix and was informed that topograplucal relations had no effect m deterrmning the 
artenal supplj in Man 

Professor Kirk remarked that in removal of the appendix, bleeding from its base is 
sometimes observ ed ev en after ligature of the appendicular arterj He considered that this 
was from a branch of the antenor caecal artciy In view of the fact that the appendix 
dev elopmentallj is part of the caecal wall tins is not surpnsing 
Anntomy 83 


5 
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t], f commented on the bloodless fold of Treves, and Dr Hill, in reph stated 

that this fold was much more extensive in the lover primates and was primituch 

from ^ 1 occasionally both m monkeys and Man a recurrent vessel entered .1 

from its dorsal edge derived from the morphologically sinistral side 


Dr E W Walls read a paper on ‘An investigation into the regenerative capacitv of 
mammalian heart muscle’ oi 

It has been recently demonstrated that striped muscle m rabbits and rats possesses 
^‘"g^neration after injury (Le Gros Clark, 1946) Moreover, King 
(1940) described a case of fatal cardiac injury in Man in which he claimed to have found 
clear histological endence of regeneration of myocardial fibres Accordingly, it v as decided 
to investigate the response of rabbit’s cardiac muscle to injury Lesions vere made in tlie 
lower third of the ventricular myocardium by the application of the head of a nail heated 
to a dull red heat, and the ammals were allowed to survive for periods ranging from 3 da\ s 
to 1 month The injured areas were then studied for endence of regeneration of cardiac 
muscle fibres No such evidence has been obtained It is thought that the type of lesion 
used IS possibly too severe, producing too great a reaction in the adjacent tissue Burning 
was selected as the method as it had previously been used successfully (Thomas & Harrison, 
1944) for functional recovery tests in rats, and because it is difficult by crushing to produce 
comparable lesions m rapidly beating hearts 

Dr E Francis asked whether Dr Walls had seen anything in Ins preparations that v ould 
substantiate the claim of Retzer that ordinary heart muscle developed from Purkmje fibres 
The reply was in the negative 

Dr A Lasnitzki remarked that embryonic heart muscle shovs in tissue culture pro- 
nounced regenerative groivth It ivould be of interest to knov whether, and to what extent, 
tissue culture experiments have been earned out with heart muscle from adult animals, 
since the results might have an important bearing on the question of the actual potency for 
regeneration still existent m myocardial fibres 

Dr Field asked whether Dr Walls believed that intercalated discs did in fact exist in 
fresh well-fixed, celloidin cut sections of heart The reply was in the affirmative 


Dr H A Meyling (introduced by Professor R D Lockhart) read a paper on ‘The 
structure of autonomic nervous tissue in the right atnum of the heart in some mammals’ 
By using the Bielschowsky-Gros silver impregnation method, a dense netvork of 
‘autonomic interstitial cells of Cajal’ can be observed in the loose connective tissues of 
epicardium and endocardium In the endocardium they are closely connected to the 
Purkmje cells (ivliich, in collaboration ivith Ter Borg (1939), were foimd forming a ijcnsc 
network beneath the endothelial lining covering the musculi pectinati, and ivhich arc 
neither connected mth the S A node nor the A V node but pass on all sides into the ordinarj^ 
muscle fibres of the right atnum) and also to the smooth muscle cells vhich in silver 
preparations can be seen scattered in the loose connective tissues of the endocardium 
Again, in both the S A and A V nodes, a net of ‘ interstitial cells ’, especially u ell marked 
in the horse, is found as the most peripheral extension of the autonomic nervous sj'steni 
They form a lace-work around the small nodal fibres, their branches running alongside these 
fibres, and in some of them Nissl-substance is found by using the selective stain of Einarson 
The difficulty of shomng Nissl-substance m the ‘interstitial cells’ may be due to the func- 
tional state of the ceU at the moment of fixation, for Einarson has pointed out that during 
activity the ganglion cell loses its Nissl-substance Changes m the staining of the nucleus ol 
the ‘interstitial cells’ (mth cap formation on one pole) uere found ^ ' 

seen by Einarson m the ganglion cell, but further expenmental research is needed for 
interstitial cells, similar to that by Levi, Einarson and others for the Snngl'on cel 
This network of ‘interstitial cells’ ought to be identified mth t ic sympa le ^ 
plexus’ of Boeke, and the ‘pre-terminal reticulum’ coSmn" 

pointed out that these ‘interstitial cells’ are f “ . these 

Nissl-substance In the carotid sinus and the nail of the aorta, I d 

cells' contam Nisal-aubsMcc. and arc ccnncctcd n.tl. tl.e cad 
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ramifications of the post-gangliomc fibres m an apparentl 3 sjmaptic manner, because their 
neuro fibnllar netn orb remains intact after expenmental degeneration of the post-gangbomc 
fibres 

According!} , the sensor} ner% e endings as descnbed b} Smimon , Dogiel and Vt ooUard in 
endocardium and epicardium, and b} Nonidez and Panmer m the sinuatrial node, are 
probabl} the end ramifications of the post-gangliomc fibres forming s}mapses on the 
network of tlie ‘autonomic interstitial cells’, and the latter are identical %vith the star-shaped 
cells and the branclung cells descnbed respectnel} b} Dogiel and Woollard in their 
meth}lene-blue preparations Nonidez and Pannier, the former den}nng the nersous 
character of the penpheral nenous network, could not m fact demonstrate the ‘interstitial 
cells’ as a s}stem, b} the siher method they emplo}ed 

This conception of the structure of the penpheral autonomic nerv ous s\ stem as obtained 
in the carotid sinus (1938) b} combmmg the results of sd\er impregnation and Kissl 
staming wth the ^ntal meth}lene-blue staimng Now the nght atnum has been treated 
similarl} , using latal meth} lene-blue staimng in the modifications gii en b} Schabadasch 

Dr Field remarked that the author’s descnption of the large amount of ner\ ous tissue 
m the heart was of great interest for any theon of cardiac action JIuch nervous tissue 
accompanies the Bundle of His m man} animals, and it was of interest to recall the state 
ment of Calm and Trendelenburg m 1910 that experimental proof of muscular as against 
nerv ous conduction in the Bundle had nev er been achiev ed up to that time, nor indeed lias 
it smee 

Professor Boyd suggested that the cells demonstrated b} Dr Meyei's g as nerv e cells were 
in realit} connectn e tissue cells 

Dr Brandt remarked that silver mtrate is reduced in the tissues b} ver} different 
substances, and we hav e no methods to hand to prov e the metabohsm of the tissue respon- 
sible for the reduction of sih er Boeke found mtrasarcoplasmic endings in the muscle fibres 
of the heart which differ from the motor endings the author had shown 

Dr JIev ling agreed that sections impregnated vnth silv er need careful interpretation, but 
with eypenence it is not difficult to differentiate between connectiv e tissue and nerv ous 
structures In the modification of the silv er technique b} Gros, b} changing the amount of 
ammoma, the impregnation of connective tissue cells can be entirel} suppressed He had 
seen autonomic interstitial cells in epi- and endocardium onl} m places where end branches 
of afferent or post ganglionic branches were present, and in the preparations of the A V 
and S A nodes, the} appeared onlv in nodal tissue and not in adjoming musculature If 
they were connective tissue cells, these cells would be impregnated ever}wvhere in the 
connective tissue and in the heart musculature Moreover, the nervous nature of the 
autonomic interstitial cells is not merely based on the fact that the} are impregnated with 
silv er but on the typical nerv ous structure the} show in meth} lene-blue preparations 

Dr Francis asked whether interstitial cells were found also in the v entneles, and if so 
were thev similar to the interstitial cells of the enteric plexus Dr Meyljng replied that 
the} occur cvervwv here in the heart and that the} react to the technique emplov ed in a 
similar wa} to those of the enteric plexus 

Dr W A Fell read a paper entitled ‘The effect of sympathectomv on the size of 
Haversian canals in the cat’ 

In order to induce an increased flow of blood through the bones of the lower limb the 
lumbar portion of the sv mpathetic trunk of one side vv as remov ed in tw o cats Examination 
of sections of the control and treated tibiae 1 and 10 weeks rcspcctiv elv after operation did 
not show anv gross decalcification on the treated side The size of the Hav ersian canals in 
the compacta of the shaft was then estimated bv projection and drawing of their outlines 
at a fixed magnification The area of these canal outlines was then estimated bv Sclimal 
hausen’s method i e the outlines were transferred to Bristol board cut out of the board 
and w eighed B} this means a senes of estimates of size w ere obtained directiv proportional 
to the sizes of the mdiv idual canals Statistical analv sis of these figures show s that there is 
a definite and significant difference between treated and untreated sides (the treated side 
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being greater), and therefore that increased blood-flow on the treated side has caused an 
increase of canal diameter through absorption of the wall This is attnbuted to increased 
any°diange^''‘^ increased activity of the osteoclasts, vhose numbers do not shov 

Leriche and Pohcard’s hypothesis, that increased vasculanty of bone produces decalci 
fication, IS held to be proved, though the biochemical mechanism of this process remains 
ODscure and offers further problems for investigation 

Bourne remarked that he was under the impression that the vork of Lenche shoved 
that if the bone of an animal was broken the phosphatase content of the vhole skeleton 
increased and that this could mean either absorption or deposition of bone, since the enzyme 
IS concerned m both processes Dr Fell agreed that this was so 

Dr Pritchard said that he was surprised that the decalcification ■was not more e-vtensive 
in view of the staking changes which may follow lesions involving the sympathetic in 
clinical practice He suggested that the effects on bone of active and passive hj'peracmia 
ought to be distinguished earefully as the former predisposed to calcification vhile the 
latter stimulated new bone formation 

Dr Field inquired if the sections were taken at comparable levels and whether they were 
cut at a slant Dr Fell replied that the pieces from the right and left tibial shafts were 
taken from the same portions of the bones, and the serial sections selected for study from 
these pieces were from the same level Great care was taken in all cases to get the plane of 
section at right angles to the long axis of the bone He did not think that the amount of 
slant ever exceeded 5° and even that amount is readily seen in adjusting the block 

Dr F Fyfe inquired whether a plammeter had been used to measure the areas of the 
canals on a much enlarged image of the shdes Dr Fell replied that he had used this 
instrument but did not find it accurate enough, some of the smaller canals giving no reading 


Dr G T Ashley read a paper entitled ‘On the insertion of the pectorahs major’ 
Fourteen cadavers and four foetuses were examined to determine (a) whether the tendon 
IS bilapiinar or tnlammar, (b) which of the fibres actually tvnst before reaching their 
insertion , (c) through which larmna the various fibres are inserted 

In all cases the tendon was found to be bilaminar Tins is contrary to the view expressed 
by Grant of Toronto 

The only fibres involved in tivistmg are the SuPERnciAL fibres from the lower sterno- 
costal and abdominal elements, plus, occasionally, a few superficial fibres from the manubrial 
and cla'vicular portions These fibres join an aponeurosis on the inferior border of the muscle 
1-2 in from the bone before twusting backwards, upwards and then laterally, fanning out 
to form the posterior lamina of the tendon 

The anterior lamina is formed mainly of tendon derived from the manubrial 'portion 
The majority of fibres of the clavicular portion are inserted into the front of this lamina, and 
a definite, though variable, contribution of deep fibres from the lateral edge of the body of 
the sternum and adjacent 3rd, 4tli, 5tli and (’) 6th costal cartilages passes witliout twisting 
to join the postenor aspect of the anterior lamina These fibres arc not described m the 


text-books , , , ^ ^ „ 

From the sixth nb a bundle of non-twistmg fibres passes upwards and laterally to join 

either the anterior aspect of the posterior lamina or the postenor aspect of the anterior 
lamina These fibres are not described in the text-books , , 

The President suggested that the tendon of the muscle may e consi ere 

sharp-kmfe dissection is used pectorahs major and the 

Dr Brandt raised a query on the analogy o „ Dr Ashli i replied that the 
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Dr A C Axlison read a paper on ‘The histologj' of the stomach in the Insectuora’ 

In three imrelated Insectivora, Elephantuhis myurus, Siinctis orangiae and Eremttalpa 
granli, the stomach has been studied 'SMuIe the gross structure differs greatlj m these tliree 
genera, microscopical examination shows that the same tj^e of glandular organization is 
present in all cases This organization is simple and generalized It is suggested that in the 
gastnc glands there may be distmgmshed a gradient of organization uhich appears to be 
related to the degree of differentiation of the cells in the glandular epithehum 

Professors Zuckehm vn and Boyd raised the question of the phjlogeny of ElephunUthts 
Dr Allison replied that the family Macroscehdidae, of nhich Elephantuhis is a member, 
had been grouped by the older systeraatists in a suborder of the Insectivora, referred to as 
the Menotjphla, ■uliich exlubited distinct Pnmate affinities Though later uork had cast 
some doubt upon a close relationslup between the Macroscehdidae and the Primates, 
a recent detailed osteological studj' had reaffirmed such a relationship Moreover, the 
presence of a menstrual cycle had been demonstrated in Elephantuhis IfTiateier the 
sjstematic position might be, the stomach in Elephantuhis is verj^ similar m form and 
relationships to the stomachs of the lower Pnmates 

To a question bj Professor Boyd concerning the nature of the ectopic mucosa in Meckel’s 
diverticulum. Dr Allisov repbed that as far as ectopic gastnc mucosa in tins situation nas 
concerned, preparations examined personallj had glandular tubules composed of mucoid 
cells, as in ectopic gastnc mucosa in oesophageal ‘erosions’ 

Dr D C SixCL,vin read a paper on ‘The intervertebral hgaments as a source of segmental 
pain’ 

It has been mamtamed bj Kellgren that the postenor intervertebral hgaments constitute 
an important source of referred pain m cases of sciatica and pain in the back Tins conten- 
tion IS based on the results of injecting hypertonic saline in the region of the nud hne of the 
back mthout venfymg the position of the point of the needle radiograplucally In this 
nork, little attention nas paid to the anatomj of the region into nhich the injections nere 
made, and as a result it was assumed that the findings uere due to the stimulation of the 
interspinous ligaments These observations have been repeated imder radiographic control, 
and the findings are inconsistent mtli the hypothesis that the resulting referred pain is due 
to the stimulation of the hgaments, uhile the endence strongly suggests that it anses from 
the direct stimulation of nerve trunks m the Yocimtj’-, such as the medial branches of the 
posterior pnmarj di\nsions of the spinal nerves Accordingly, the significance of lesions of 
the postenor intervertebral hgaments in the production of segmental pain may be regarded 
as not jet established 

Dr WYBunv made a congratulatoij comment on the fact that an altemativ e cause of low 
back, pain bad been suggested other than the inevotable prolapsed disc He remarked also 
on the vndespread nature of pain resulting from subcutaneous mjections of hj'pcrtomc 
saline, from personal expenence 

Professor Boyd offenng his congratulations remarked on the excellent demonstration 
that Anatomj uas still the basis for clinical science* 


APRIL 1948 

An ordinarj meeting of the Societj, for the Session 1947-48, vns held on Fndaj, 30 Apnl 
1048, in the Rooms of the Zoological Societj of London, Regent’s Park, the* President 
(Professor A B Appleton) in the Chair 

Dr R E Reu ELL read a paper on ‘The caecum of the IIjTacoidea’ 

The intestines of this Order vicre desenbed bv Ouen (1832), Dower (1872) and Beddard 
(1908) The ilcum ends in a dilated sac in the left iliac fossa This is sacculated and two 
taeniae run, one on to the antenor and one on to the postenor surface from the colon 
Each IS associated with an nrtcij which raises a small ndge of pentoneum Thev are of 
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straight length of gut with longitudinal muscle layer and about 20 cm loiw 
s from this sac and turns eephalad m the right iliac region In Dendrohyraa. a sniali 
knuckle protrudes from tins on the antimesentenc border, on to which a small artery runs 
on the posterior aspect There is no anterior artery to it I have not found tlus diverticulum 
in the genus Procavia An anangious fold of pentoneum lies in the angle hetvcen the 
proximal dilated sac and the gut leading from it Where this gut turns eephalad, tvo 
symmetrical diverticula arise from the antimesentenc border They are relatively large are 
directed caudad and end in a point No pentoneal folds are associated vith these and sc\ oral 
small artenes run on to each from the mesentery without raising ridges 

Earlier authors considered the first sac to represent the tnle caecum, but Chalmers 
IMitchell (1916) favoured the paired diverticula and compared them to the structures seen 
in birds, in Trichechus and Cyclopes Since the proximal sac lay on the left side and its 
anangious fold lay on the opposite side to the usual, he did not consider it to represent 
a caecum 


However, only the proximal sac has arteries on the morphologically dextral and simstral 
aspects, while all caeca that I have examined have such, from hzards, such as Varomis and 
Uromastyx, up to the Primates Moreover, this sac only is sacculated On these grounds 
it ma}^ ivell represent the true caecum 

The President, congratulating the author, asked why the blood vascular pattern vas 
stressed at the expense of other morphological features Dr Rewell replied that this v as 
deliberate and he wished to stress its importance in connexion with the caecum of all 
mammals He agreed with the President that it ivas not the sort of feature usually considered 
to be of importance, but he had found this distribution of arteries in all the mammalian, and 
even reptilian caeca examined It is, for instance, universal throughout the Primates 

To Professor Yoffey, who inquired as to the presence or absence of a caecal sphincter. 
Dr Rewell replied that the material was not well enough preserved for the histological 
study of this or any other feature 

Dr Hindle asked if there ivas any peculiarity in the rodent caecum ivliich might tliron 
light on caecal morphology Dr Rewell replied that he had examined a number of rodent 
caeca and they were all relatively simple and quite unlike that of the Hyracoidea, hovcver 
complex their colons 


Dr G H Bourne read a paper entitled ‘ Some observations on the mammalian adrenal 
gland ’ 

Over a period of some seventeen years histologica] examinations have been made of the 
adrenals of large numbers of Marsupials and other Mammals and a detailed list of the 
observations of other workers on the mammalian adrenal has been made Details of the 
structure of the adrenals of some 250 species are thus available The present paper consists 
of a summary of the mam points which have emerged from this study 


These S-Xe 

(1) The Monotreme adrenal differs appreciably from the adrenals of the Marsupials and 

the Eutheria and resembles those of the Reptilia 

(2) All Marsupials show an adrenal wth the typical mammalian arrangement of corte\ 

^"(3)”^There IS a remarkable constancy of adrenal structure throughout the vhole mam 
mahan kingdom, from the lowest Marsupials up to Man 

(4) The cortical zones cannot be distinguished in the adrenals of all species 

(5) Lipoid droplets are found almost invariably m some of the cells of the adrenal cor 

-t,c.ac,d sdver n.traU: tccUn,,,.) appear, to ..e 
prSnt m hrgl. concentration m the adrenal cortex of Monotreme. and .omc t,icnt,-fon, 

rbbci 
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of a large number of species of Mammals First descnbed bj' HoMard-JIdler m the mouse, 
representatn es of the zone have been found m other rodents, Insectn ores. Ungulates, 
eleven species of Marsupials, bats and one species of monkey 

Professor Yofeey inquired if there ivas anj species in which a constant amount of islet 
tissue oceurred , if so, such might be useful in evpenmental studies Dr Boul^^•E replied that 
it w as not sufTicientlj constant m anj one species to be sigmflcant He agreed -mtli a further 
comment bj Professor Yoffe'v that it would be useful to secure evact data on cortlco- 
meduUarj ratios, but relatively few species had been studied in this respect 


;Mr N CvPEKEB read a paper on ‘Physiological spbntage’ 

In the treatment of diseases and injunes of the locomotor system, support of joints m 
physiological positions is a recognized feature Apparatus which wall control the position, 
yet permit movement, and which may assist m the replacement of deficient muscles, is 
a well known method applied in the treatment of penpheral nerv'e injunes Apparatus 
using spnngs and designed to facilitate the Teeo\ery of function by”^ providing reflei. 
stimulation through the propnoceptive system, has been advanced, particularly in the 
treatment of the hand, m the type of apparatus called ‘Lively Sphnts ’ dea eloped at Exeter 
Dr WniLLis said that such sphntage was a distinct ad\antage particularly in proMding 
greater elasticity' in central palmar control In reply Mr Catevew said that there was 
a common misconception that sphnts are devices to immobilize parts of the body , and that 
his mam purpose was to interest members in a problem of apphed anatomy and phy siology 
in the hope that it would lead to co operatire effort by' chnicians and anatomists to further 
study' along these hnes The sphnts for the hand, while learmg free the greater part of the 
important tactile area do, by' proi'idmg spnng balance substitution for deficient muscles, aid 
in the normal acti\ ation of penpheral reflexes and dimmish inlubitory' activity w luch w e 
may expect to anse m muscles ineffectively opposed 

Drs C D Chavnell and J Whilus presented a communication on ‘The effect of ulmr 
nerve block at the level of the pisiform bone on movements of the nng finger’ 

IMien the subject’s metacarpo phalangeal joint is fixed by the obsen'er, extension of the 
mterphalangeal joints is difficult and the subject complains of discomfort or er the dorsum 
of the metacarpal head The taut extensor tends to become displaced to one or other side 
due to the loss of the stabilizing effect of the muscles inserted into the extensor hood The 
discomfort and loss of power can be explained on the assumption that the lumbncal does 
not produce the necessary relaxation of the flexor to allow the mor ement to occur 

When the first phalanx is allowed to move freely, and attempts at opening the hand are 
made, most of the power of the extensor is expended on the first phalanx which becomes 
hy'per extended owing to the loss of the stabilizing effect of the third lumbncal add the 
third palmar and fourth dorsal interosseus 

Attempts at the ‘needle-threading’ morement (flexion of the metacarpo phalangeal and 
extension of the inter phalangeal joints), using the thumb and the nng finger, result in 
ulnar deviation of the nng finger due to loss of the opposing action of the lumbncal The 
metacarpo phalangeal joint is hy'per extended, the first inter phalangeal joint fully flexed 
and the occond inter phalangeal hy’per-cxtended The correct moy ement of the inter- 
plnlangeal joints can be restored by passiye flexion of the first phalanx 
Professor Yoffe\ asked what the role of the first dorsal interosseous muscle y\as in 
gripping between the index finger and the thumb Dr Whilus repbed that with the fixed 
index it could not produce abduction but probably rotated the index and fixed the thumb 
metacarpal 


Dr J J PniTciivnD read a paper on ‘Alkaline phosphatase m the utenne epithelium of 
the rat’ 

The distribution of alkaline phosphatase in the utenne epithelium of the rat has been 
studied in the immature animal, dunng the stages of the oestrous cy cle, in anoestrus, m 
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aM progestTron?'' follo^ving the admimstrat.on of sthboestrol 

The findings suggest that oestrogens stimulate the manufacture of the enzyme and its 
secretion into the uterine lumen ^ 

nf ?rn remarked that since the production of glycogen is believed to follov the path 

ot sphttmg off of phosphate from hexosediphosphate and subsequent condensation of hexose 
molecules, and since phqsphatase appears to be an enzyme which could split off phosphate 
It would be interesting to know whether Dr Pritchard liad observed any parallelism beU ecn 
the distribution of glycogen and phosphatase m his'preparations Dr Pritchard replied 
that he had no glycogen preparations, and he thought that there was no endencc tliat 
phosphatase played any part in the synthesis of glycogen 

Dr Field remarked that there was no such parallelism in heart muscle, and added that 
here there was abimdant glycogen and practically no phosphatase Dr Bourne added that 
phosphatase was not the only enzyme winch could spht hexosediphosphate 


Dr R J Harrison read a paper entitled ‘Observations on the ovary and reproductive 
tract of the Ca’aing whale, Globicephala melaena'' 

The material was obtained from a school of 300 Ca’aing whales killed at Torshavn, Faroe 
Islands, in March 1947, and was made available through the kind offices of Dr Carl Bech, 
Cluef Veterinary Officer, Faeroe Islands Ovaries were removed from a total of tlnrty-cight 
females and entire reproductive tracts from twelve females and one 42 cm foetus The 
specimens were obtained from six immature females, t^^ elve maturing females, six females, 
whose ovaries contained one retrogressing corpus luteum, and fourteen adult females, the 
ovaries of which contained two or more retrogressing corpora lutea 
An account of the anatomy of the reproductive tract is given, and the general structure 
IS shown to be essentially similar to that described for Phocaena by Meek (1918) The changes 
occurring in the ovaries, uterine tubes, uterine horns and uterus during grovdh arc briefly 
described A marked thecal gland is present around the actively growng follicles found in 
the ovaries removed from maturing whales 

The Ovanes from hve whales contamed either recently ruptured follicles or developing 
corpora lutea The histological appearances of these corpora lutea are described many of 
the markedly vacuolated luteal cells become multi-nucleated during the later stages The 
old corpora lutea apparently persist for a longer time in the ovaries of Globicephala than in 
those of other Eutheria However, the appearance indicates that the corpora lutea do 
eventually disappear, and do not persist throughout life in a degenerated state as is said 
to occur m the Balaenopteridae (Peters, 1939) 

Dr Osman Hill commented on the curious evagination in the cervical canal and inquired 
if the author had studied the histology of this region Dr Harrison replied that this study 
was being undertaken, and Dr Baxter remarked that it might tlirow light on the precise 
extent of cervix and vagina m these specimens 


Drs J Davies and D V Davies read a paper on ‘The mesonephros of the sheep’ 

The cramal third of the Wolffian body m the sheep is occupied by a peculiar glomerular 
structure called for convenience the ‘giant glomerulus’ Here is a more or less continuous 
glomerular cavity, drained by about tvv enty tubules, and traversed by a series o 
trated vascular plates Tins giant glomerulus has been previously described > 

Bremer in sheep, cow and deer, but he did not explain the ° J ® „i' nnf 

correctly Caudally the giant glomerulus is in series, through a s lo ‘ o" j otjier 

a zone of some forty or more ordinary Malpighian bodies similar to 
mammals The study of the development of the vanous zones S 
provides much information as to the factors determining le o „iant clomcnilus 

the glomeruh and tubules in the vertebrates genera y ' u mesonephros and of the 

provides a useful landmark for the study of the ® \ ^ mesonephros 

L of the urogenital umon No massive degenei^t.on of t to^ P 

occurs in the sheep and the urogenital union occurs through approximatcij 
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tubules This is in contrast to the desenption bj Feh\. of the human and aecords rvell mth 
that of most other orkers on the mammahan mesonepliros The cellular processes in'v oh ed 
in the degeneration are similar in all mammals 

DrJ D vnnsread a paperon ‘Theartenal bloodsupph ofthe\^olflianbod^ mthesheep’ 

The artenal blood supplj of the sheep mesonephros has been studied bj means of 
injeetions uith mdian ink The ^ aseulanzation of this organ is shmvn m relation, first, -nith 
the so called ‘giant glomerulus and secondly rvith the group of ordmarj Malpighian bodies 
eaudal to it The former comes to be supphed b 3 a single large \ essel from the aorta and 
appears m tlus light as an earlj functional unit The ordmaty Malpighian bodies do not 
develop their connexions with the aorta vmtd a relatively late stage, when the giant 
glomerulus is already beginning to degenerate MacCallum’s flndmgs (1902) of multiple 
efferent v essels in the glomeruli of the pig mesonephros is confirmed for the sheep, and the 
manner of their dev elopment and connexions is studied 

Professor J P Hill congratulated the authors of the abov e two papers and commented 
on the differentiation of the glomerular capdlanes m a site qmte independent of the dorsal 
aorta Tins had been missed by the majority of prevaous workers 

Drs G N C Craw FORD and R Bvrer read a paper on ‘The action of fixatives on hvang 
cells as studied by phase contrast microscopy 

The actions of various simple fixativ es on living cells teased from the testis of Salamandra 
maculosa hav e been studied by phase contrast microscopy and photographv Tlus enables 
the cells to be examined dunng and after the process of fixation without further treatment 
or staining Other v ertebrate cells m addition to those of salamanders were also studied but 
m less detail Of the substances studied, formahn has prov ed to be of particular interest 
The general actions are 

(1) An initial shnnkagc and distortion of the cell, varying in degree vnth the concentra- 
tion used This is followed by 

(2) A gradual re expansion, lasting several minutes This may' go on to 

(3) Further swelling, wnth the exTidation of ‘bubbles’ from the cell These bubbles can 
be made to sw ell or shrink by v arying the osmotic pressure of the medium Tlie swelhng of 
the cell IS v ery marked with concentrations of formahn below 7 % The addition of salme 
reduces the degree of swelhng but only to a minor extent The final appearance of the cell, 
eyen after bubbling has occurred, does not always greatly devaate from normal Xeverthe- 
less, the cell has undergone considerable structural and chemical alterations It is not 
certain how far these results apply to blocks of tissue m y\hich mechamcal conditions may 
preyent gross syyelhng and bubbling It seems probable, however, that the same under- 
ly ing changes w ill occur 

Dr Bolrnt remarked that m vaew of the fact that it had been claimed that there is 
a decrease m the cydoplasmic contents of cells under different physiological conditions it 
would be interesting to know if any of these passed out mto the exuded bubbles desenbed 

Professors \offev and Touxe inquired if the authors had made any measurements of 
cells fixed m formalin or formahn vapour vntli and without saline Dr CnywroRD replied 
that wlule they had made no precise measurements it could be said that the presence of 
saline produced less swelhng He considered that increased concentration of salme would 
most likely produce less shrinkage 

Dr R Bvrer read a paper on The reflecting microscope m anatomical research’ 
he reflecting microscope w Inch has been m use at Oxford for ov er a y ear is one constructed 
by Dr C R Burch, F R S It consists of a reflecting condenser and a reflecting objectiv e, 
each composed of one large concav c mirror and a small cony ex mirror The mirrors are made 
from speculum metal, the large mirrors being asphencal m order to correct for splicneal 
aberration In its simplest form the microscope has a numerical aperture of 0 Go, but this 
can be iiicrciscd to 0 OS The great advantage of the reflecting microscope is that it is 
completely achromatic Once the object is focused m light of any colour the instrument is 
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in focus for all wave-lengths, from the far ultra-violet to the infra-red This is narticularU 
valuable for ultra-violet photography and especially for ultra-violet absorption spcctroscoin 
f ceUular constituents Such work has hitherto been carried out using a quart? refractiiw 
microscope (Caspersson), a technique which necessitates the use of i4nocliromatic light’ 
and which is very laborious With the reflecting microscope an image of the cell under stud^ 
IS projected across the slit of a spectrograph and a photograph is taken If a hue source 
(e g a mercuiy arc) is used, an image of that part of the ceU lying across the sht is obtained 
simultaneomlij in all wave-lengths emitted by the source The use of a continuous source of 
radiation, such as a hydrogen arc, enables a complete absorption curve to be obtained 
automatically by means of a recording microphotometer Examples of the applications of 
these methods to the study of the structure and cyto-chemistrj^ of various tjmes of cell are 
discussed 


Another feature of unusual interest is the long working distance of the reflecting micro 
scope In the present model the distance between the lowest part of the objectn e and the 
object IS 13 mm This enables micromanipulation to be performed under magnifications of 
600— <00 times The surfaces of organs in situ are now available for microdissection 
High-power capillary and skin microscopy can also be earned out 

Professor Yorrev inqmred if the author had studied erythroblasts of marrow , Dr BAiirii 
replied that he was actually w'orkmg on this problem and on foetal blood cells 


Professor J D Boyd read a paper on ‘Argentophil cells m foetal ectodermal epitlielia’ 
Dunng observations on the development and nerve supply of the human external 
auditory meatus, dendritic cells, with a marked affinity for silver, were observed in the 
epithelial plug These cells possess the morphological characteristics of microglia and of the 
resting phase of cells of the reticulo-endothehal system They are believed to represent 
foetal stages of the dendritic cells (Langerhans’ cells) of the adult skin Such cells have 
also been found m numerous other epitheha of human and other mammalian material at 
the author’s disposal In the present commumcation their distribution in the cutaneous 
epitheha of the head region is described and their origin and possible significance discussed 
Dr Baxter inquired if argentophil cells had been noted in epithelial coids not of ecto 
dermal ongin, such as the vagmal canal, and m wluch breakdown to form a lumen took 
place Professor Boyd rephed that this problem w'as being studied 

Dr Bacsich remarked that the cells described by Professor Boyd are known as the cells 
Langerhans to the dermatologists, who believe that they are either part of the macrophage 
system of migrating leucocytes He had tried in vain to find an elective staining method 
for these cells In Professor Boyd’s specimens, as a by-product of a silver impregnation 
for neuro-histological purposes, these cells are represented wath unsurpassed clarity, so that 
a successful approach to the study of their physiological and pathological behaviour is now 


possible 

To a question by Dr Weddell, 


Professor Boyd rephed that these dendritic cells stain 


with methylene blue 


Drs P Bacsich and G M Wyburn read a paper entitled ‘ Subcutaneous homo and 

heterografts of the umbilical cord ’ ^ ^ t 

Recent experiments (Bacsich & Wyburn, Proc Roy Soc Edwb 62 1947) suggest th.it 
the sulphurated mucoproteins of cartilage and the cornea are responsible not only for the 
avascufar nutrition and translucency (or transparency), but also for the constant success 

are discussed 
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Dr G CAUsn\ read a paper on ‘The effect of pressure on ner\e fibre size’ 

This work was undertaken to see if it is possible to shoir a centrifugal pressure along the 
axon of a mj ehnated ner\ e fibre 

Circumferential pressure round the ner\e to the medial head of the gastrocnemius of the 
rabbit w as obtamed b\ placmg the nen e across a glass chamber fiUed wnth mereun, , and 
sealed with a gel of sodium alginate at the opemngs through which the ner\e was passed 
The nene was then fixed and sectioned Measurements were made, on photographs of the 
sections, of the area of the whole nerve bundle and of the m j elmated fibres 

Compansons of sections abo\ e, at and below the site of pressure and of a control nen e 
from the opposite hmb showed that for pressure of 80 mm Hg and os er there was (n) a mean 
decrease of 25 % m the area of the ners e bundle at the site of pressure, (6) a decrease in the 
mean fibre diameter at the site of pressure, (c) an increase m the mean fibre diameter abo\ e 
and below the site of pressure, the mcrease abose bemg sigmficantlj less than the increase 
below the site of pressure This difference is in agreement with the existence of a centrifugal 
pressure along the axon 

In replj to Dr Bowden s\ho inquired about the effect of blood x ascular occlusion on the 
nerv e fibres Dr Causes replied that hgature of the arterj and \ ein together did not block 
conduction, but apphcation of pressure after such hgature would block conduction and alter 
fibre size 

Dr Rom Asms asked if the thickness of the mj ehn sheath could be taken as a reliable guide, 
to xvluch Dr Cvusex replied that estimates of mjehn thickness, apart from the total 
diameter, had not been made 

Dr J R Hixsilvw (mtroduced bx Dr G IVeddell) read a paper on ‘The pattern of 
innerxation in the ins’ 

The innenation of whole preparations of ins from wlute rabbits has been studied bj 
the aid of the mtraxenous methjlene-blue technique (Femdel, 'W H , Smclair, D C &, 
IVeddell, G, Brain, 1947, 70, 495) Manj marginal nene trunks anastomose to form 
sex era! concentric plexuses from winch are denxed netxvorks of fine beaded fibres These 
networks innenate both the internal and external surfaces and are found in relation to the 
circular muscle Penx ascular nen es are rarelj seen m the ins and this is in contrast to the 
prominence of penx ascular nen es obsen^ed m manj other tissues prepared bj this method 
The interstitial cells are well stained and show no connexion xnth the nene fibres 

The ms is an ideal structure for the experimental studj of autonomic mnen ation and the 
normal pattern of innen ation has been mapped out in detail as a basis for such an inx estiga- 
tion 

Dr Mexlixg commented that Dr Hixsmvxx s statement that the interstitial cells showed 
no connexion xxitli the nene fibres, could be due to a partial staimng of the nenous 
structures He had often obsened this m his own preparations, but xxhen these xverc well 
and totaUx stained a connexion with post-ganghonic fibres could alwajs be made out 
The nenous netxxorks of beaded fibres demonstrated bj Dr Hinshaw are probablj the 
processes of anastomosing interstitial cells of xxluch the nuclei are not stained In replj 
Dr Hixsii XXX stated that he was sure that there xxas no connexion between the interstitial 
cells he had demonstrated and the nenous netxxork 


Drs G IIeddell, M H Feintjel and D C Sinclair read a paper on ‘Pam sensibihtj 
in deep somatic structures’ 

The hx-pothesis of Lewis (1938, Suggestions relating to the studj of somatic pain, Brit 
mcd J 1, 321) that the skin and the deeper somatic tissues are supphed bj two separate 
sj stems of pain nerxes has been examined in the light of the recent xxork of Meddell, 
Sinclair i. Femdel (1948, An anatomical basis for alterations in the quahtx of pain sensi- 
bihtj J ^curophystol (in the Press)) xx ho found that alterations m the quahtx of pain 
scnsibilitx cm be produced bj alterations in the pattern of the pain producing impulses 
reaching the central nerxous sjstem A prehminarx examination of the innerx ation of 
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sufflc.ent to e.p,o.„ the observed ^tterences .n tS stSecb^ ^ 
pamM sbmulahon of the sbn and of deeper lying structnis respectively T to iTdins no 
nr Mr^ separate pain-conducting systems supplying somLc tissues 

Dr Meywng remarked that the terminal nervous structures demonstrated are probabh 
autonomic nerve fibres, because they exhibited the typical varicosities Mhicb are ahia>s 
seen in peripheral parts of the autonomic nervous sj'stem 


Drs E J Field and J B Brierlev read a paper on ‘The anatomy of the spinal nen^e 
root lymphatic drainage ’ 

Tliat a functional communication exists between the spinal subarachnoid space and tlie 
prevertebral lymph nodes in the rabbit has been demonstrated in a previous communication 
to the Society The precise course of the lymphatic vessels concerned could not, hovevcr, 
be determined by the method then adopted to show this connexion It has now been 
possible by a method of retrograde filling of these lymphatics from tlie abdomen after 
ligation of the thoracic duct in the thorax, to demonstrate their course in full Vessels which 
commence m the substance of the posterior spinal nerves pass ventrally and receive 
tributaries from the region of the nerve roots and from the interior of the vertebral body 
Such lymphatics end in one of several longitudinal channels on the front of the spine 
Along such channels are the small lymph nodes which constitute the ‘regional’ nodes of 
the spinal subarachnoid space These vessels merit attention in any consideration of the 
route whereby infective agencies may extend from the lymphatic to the central nervous 
system, particularly as they do not possess valves Tlieir existence, moreover, may afford 
a plausible explanation of some of the puzzling results m recent experimental nork on 
pohomyehtis 

Dr Bourne inquired why the authors assumed that the carbon particles passed through 
the cytoplasm of the cells — ^it seemed more likely that they passed betneen the cells 
Dr Field replied that various authors had claimed that the pathna}" nas tlirougli the 
cytoplasm and not mtercellularly, and they concurred with this view 

Professor Boyd remarked that there ivere Hyrtl preparations demonstrating lymphatics 
in relation to the meningeal sheaths of dorsal root ganglia in the museum of University 
College, London 


Dr P Glebs read a paper on ‘The locahzation of efferents from Area 4 m the internal 
capsule and corpus callosum of the macaque’ 

Folloiving an experimental study of the distribution of the cortico-spinal fibres from 
Area 4, further experiments have been performed to study the locahzation of the cortico- 
spinal and other descending fibres from Area 4 in the internal capsule There is, lioneier, 
no defimtive area within the internal capsule assigned to a particular subdivision of Area 4 
On the contrary, the fibres from all subdivisions of Area 4 intermingle m tlieir descending 
course The callosal distribution of Area 4 and its subdivisions have been investigated a s n cl) 
Professor Boyd commented on the limitations of the pyramidal system in some animals, 
to winch Dr Glees replied that m those animals which have a small 
ending at the cervical level, a similar comparatively small sensorj^ 
occurs, as had been shown recently by Adrian for the pig where only impulses from the 

™oSTy^^unI''^^^^^ recovery rates follon mg 

thfaxTref celm — Sna„°g™e„ts fnvoar x , I, at a.otc espt,,- 

mental evidence is required 
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DrJ T Aitken read a paper entitled ‘Effect ofpenpheral connexions on the maturation 
of regenerating nerves’ 

Prevnous work has showTi that the tv^ie of connexion made at the penpherj b\ a 
regenerating nerve influences the degree of maturation Ex-penments were performed m 
which a muscle nerve was allowed to regenerate along different distances durmg a 100 day 
penod It was found that the greater the distance trav ersed bj the regenerating fibres, the 
larger thej became l\Iotor fibres w hich had travelled a long distance in an adjacent sensory 
nerv e became larger than those travellmg a short distance The effect was most marked 
where the sensory nerve was still connected to its penpheral end-organ system 

Other regenerating nerves were implanted into muscles, some already innervated and 
others denerv ated, and the degree of maturation assessed after a 100 day penod The nerv e 
implanted in the paralysed muscle produced a much more completely”^ regenerated nerve 
than did that of normal muscle on the other side The implants mto normal muscle, howev er, 
were more mature than those nerv'es ending blindly as a neuroma m the fascia or where the 
regenerating tract leads to the penpheral end organs of a sensory” nerve 

It appears, therefore, that the process of maturation during regeneration is influenced by 
such factors as the distance the y oimg fibres hav e to travel, and also the possibihty of making 
functional motor endings on muscle fibres Further expenments showed that fibres turn 
back at a neuroma , if the latter is remov ed, the number of fibres m the stretch of nerv e abov e 
it decreases The crowding produced by the recurrent fibre diminishes the size of all fibres 
m the nerve 

Dr Rovlvves asked w hether the turning back of the fibres at the neuroma would not of 
Itself lengthen the pathway of regeneration, and Dr Arriccx pomted out that any such 
effect would be limited to the very' small-sized fibres 
Dr Bowdex stated that the orgamzation of voluntary movement was related to the size 
of the nerv e fibres, and commented on the effect of len^h as an added factor affecting the 
fibre diameter On inquiry by Dr Glees it was stated that the paraly sed muscles responded 
to a smaller stimulation of the implanted nerve than did the normal muscle 


JUNE 1948 

The Summer Meeting of the Society , for the Session 1947-^8, was held in the Department 
of Anatomy , of the University of Bnstol, on Fnday and Saturday”, 25 and 2G June 1948, 
the President (Professor A B Appleton) in the Chair 


Drs J B BniEHLEx and E J Field and Professor J M Yoffev read a paper entitled 
‘Passage of mdian ink particles from the cranial subarachnoid space’ 

It has been generaUv believed that particulate matter cannot, under normal pressure 
conditions, escape from the cranial subarachnoid space to the extracranial lymphatics In 
experiments on rabbits, using a particle suspension of known size, ink was introduced into 
the cistema magna, replacing an equiv alent quantity of cerebrospinal fluid at a pressure of 
120 mm of water IVitlun a few hours ink was found in the submucous lymphatics of the 
nose, hav'ing trav elled along the subepineural space of olfactorv nerv e bundles and along 
intraneural clefts not Imed by endothehum 

DrR J H.vnnisox inquired ifmacrophages were present in the normal mucous membrane 
Dr Field replied that some Indian ink particles were wathin phagocytic cells while others 
were free The mnm emphasis, however, was not on the segregation of indian ink particles 
by macrophages but on its presence m pathwavs leading from the cranial subarachnoid 
space 

Drs J B BninnLEX and E J Field read a paper on ‘The retro orbital tissues as a site 
of functional connexion between the subarachnoid space and the lymphatic sy stem ’ 

The well known cx-tension of the subarachnoid space around the optic nerve has been 
further inv estigated in the rabbit by the indian ink teclimque desenbed in a prevaous 
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ink, the particles lying in parallel columns between their fibres Tlie recti muscles Merc less 
mte„„ve y staned. but some case, the mk tracked forutrrds to CrTS mserttoT 
^ Jympliatics were ever observed -witlim the orbital cavity 
The diffuse spread of particles appeared to justify the mjeetion of mk behind the globe 
in order to define the further course of fluid drainage Tiventy-four hours after injection ink 
was noted in the upper pole of the deep cervical lymph nodes There vas dense accumiila 
tion ot ink around the nerves entenng the orbital apex 

The suggestion is advanced that the cerebrospinal fluid contnbutes to the tissue fluid of 
the orbit, draining normally towards the apex of that cavity, where it is absorbed into 
lymphatic vessels ^vhIch are afferents of tfie deep cervical lymph nodes 

Thus the retro-orbital tissues around the optic nerve cul-de-sac may stand m the same 
relation to the cervical lymphatic system as the epidural tissue of the spinal nerve roots to 
the pre- vertebral lymph nodes 


Dr Whillis commented on the relative size of the spaces around the optic and olfactor} 
nerves and Dr Brieuley said that he could not offer any explanation for tins difference 
To Professor Kirk who inquired about the relationship of Tenon’s capsule to the sub- 
arachnoid space. Dr Brierley replied that this space was verj’' difficult to define in the 
rabbit and that the ink introduced was confined to the posterior surface of the bulb 
The President in thanking the authors said that he was pleased to see the expansion of 
the work in the lymphatic system begun by Professor Yoffey The present findings, he 
thought, may prove to be significant in connexion with the mechamsm of exophthalmic 
goitre 


Drs W H Feindel and A C Aleison read a paper on ‘ Intravital methylene blue as 
a method for staimng degenerating fibres in the central nervous system’ 

An intravenous technique which permits a much mder application of methylene blue as 
a vital stain for nervous tissue (Feindel, Sinclair & Weddell, Brain, 70, 495, 1947) has been 
modified (Feindel & Alhson, Science, 23 April 1948) to allow for a study of degenerating 
fibres in the brain In rabbits perfused mtli methylene blue 5 days after enucleation of one 
eye, degenerating axons m the optic tract are rendered remarkably conspicuous by their 
intense and metachromic staining as compared with normal fibres In addition, morpho- 
logical changes of early degeneration, such as fibrillation and vesiculation of the axis 
cylinder, are clearly demonstrated The results are briefly described and compared mtli 
those obtained by the Marchi method and by metallic silver impregnation It is likely that 
the method may find useful application for defining accurately the anatomical distribution 
of fibre degeneration produced by selective experimental lesions of the central nervous 


system 

Professor Goijjby inquired if the technique had been applied to the peripheral nervous 
system Dr Feindel replied that the method was not yet perfected, but it might well be 
extended to the peripheral nervous system He further remarked that the results were 
rather empirical and that further work on the chemistry of the technique was in progress 
Mr Richardson inquired if oxidation products might be liberated w hen this dyestuff n as 
used, and w^as informed that further research on the chemistry of the technique togeth 
mth spectroscopic investigations might elucidate this problem 


Dr H A Meyling (introduced by Professor R D Lockhart) read a paper entitled 
‘Structure and sigmficance of the peripheral autonomic , metlulcnc 

very exact use Dilute methylene blu ( ^)» tissue is immersed in the 

and glucose (2 0 g/1 ), is either injected ,n the solution without 

solution for 10-20 min The tissues are then left for 10 -u mm 
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meth>lene blue, fixed in 2 11% ammonium iodide in saturated ammonium picrate and 
mounted m glj cenne saturated inth ammonium picrate Precise timing and exact buffering, 
differing for each tissue, mil stain totallj the penpheral ex-tension of the autonomic neix ous 
system, nhile other tissues, especiallj connective tissues, are unstained In all the tissues 
examined (conducting sjstem of the heart, endocardium and pencardium, stomach, 
intestines, unnarj' bladder, gaU bladder, small blood vessels, carotid sinus and aorta in 
the liorse, con, sheep and rat) a nervous netiiork nas found, consisting of autonomic 
interstitial cells of Cajal As the post-ganghomc and efferent fibres are connected mth this 
netnork, since Nissl substance is present in the sncmitj of the nuclei, and since the processes 
of the interstitial cells shon tj^iical vancosities and, especially m silver preparations, 
a neurofibnllar structure, it is concluded that these cells are of neix'ous nature 

Most authors agree that autonomic fibres end as a netn ork, containing nuclei Since these 
nuclei are surrounded bj a netiiork of neuroflbnis and these neurofibnls also form a fine 
netnork in the processes of the cells, these cannot be Schirann cells Sympathetic and 
parasiTnpatlietic fibres are unhkelj' to form one network, which, persisting after the post- 
ganglionic and afferent fibres are cut, must be formed by the processes of the interstitial 
cells In the different tissues tlus network differs only in the form of the pattern and the 
number of nuclei An anatomical conception of a pnmitive intnnsic nenous netivork 
(similar to the sensorj'-motor network m invertebrates), upon which end both the post- 
ganglionic and afferent fibres, harmonizes wnth the phj siology, explaimng continmng local 
function after autonomic section and providing a basis for the \aew that adrenalin acts at 
the periphery upon some intermcdiarj betw een post-ganghomc terminations and tissue cells 

Professor Boyd said that he considered the author’s technical methods insufficient to 
permit accurate recognition of mterstitial cells He was doubtful if the plexus formation of 
interstitial cells of Cajal did in fact exist Dr Meyling replied that he had no doubt about 
the plexus ramification as a continuous network He had employed dilute solutions of 
methylene blue, well buffered, and which could only give a selective staining 

Dr D E Bolt and Professor J M Yoffex read a paper on ‘ Inabihty to detect macro 
phages in degenerating nerves’ 

In a number of rats the sciatic nerv^e was divided and the animals subsequently killed at 
intervals ranging from 1 to 73 daj s Although the cut ends w ere left free, m the experiments 
of longer duration some regeneration occurred Ammals were deeplj stained intravitam 
w ith tr^qian blue for 5 days before they w ere killed No dye containmg cells w ere ever found 
in the interior of a nerv'e bundle, though macrophages in the epineunum were heavilj 
stained 

To Dr Sandlus, who inquired if there was any cvndcnce of conversion of Schwann cells 
into macrophages as alleged by some authors. Professor Yoffcx replied that staining of 
Schwann cells bj trjqian blue was an infrequent occurrence — when they did so the nuclei 
showed quite a deep stain also 

Mr Riciivrdsox suggested that owing to the interference with blood vessels of the 
nerve no dye got through, and consequently>^ the macrophages, though they' were there 
m abundance, could not be demonstrated simply because the dye did not reach them 
Professor Yorruv replied that there was ample evidence that the dye did get through 
ind they hoped to present this ev idence later If anything, the permeability of the blood 
vessels in degenerating nerves was increased 

Dr E L PvTTEnsox read a piper on ‘The arterial blood supplv of the sympathetic 
trunks m min’ 

A macroscopic surv ey of the arteries concerned in the blood supply of the sympathetic 
trunks has been made by injection of the arterial svstem of foetuses with indian ink 
Ginghonic bmnehes from the ascending pharv ngcil and infenor thyroid artenes to the 
cerv ical trunks, from the superior intercostal, aortic intercostal and lumbar artenes to the 
thoracic and lumbar trunks, and from the lateral and middle sacral artenes to the sacral 
trunks, ire desenbed 
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Dr Morton inquired if there were any differences in the pattern of the blood sunph at 
en age periods Dr Patterson replied that the specimens dissected \sere all at or 
near full-term and that he had observed no signihcant differences m them 

fashmn arteries to the s^mipathetic trunk ^^ere arranged m segmental 

ATTERSON Tcphcd that m the thoracic and lumbar regions the arrangement 
was in general segmental, each ganglion receiving one or more branches from the corre- 
sponihng segmental artery, but that not infrequently the ganglion received additional 
vessels from adjacent segmental arteries above or belon its level 


Dr P K Sanders read a paper on ‘The fate of ner\’e homografts in the rabbit’ 

Pieces of tibial or peroneal nerve 2-10 cm long acre taken from donor rabbits and used 
to fill gaps in the peroneal nerves of other rabbits, being fixed in place aitli clots of auto- 
genous plasma Grafts were removed and examined histologically at intervals from 2 days 
to 6 months after operation, their appearance being compared aith that of control auto 
grafts placed on the opposite side of the same animal 

The Schwann cells of an autograft survive and multiply, and the myelin breaks up and 
IS removed, so that m the later stages autografts are indistinguishable from normal pen- 
plieral stumps The Schwann cells of homografts, however, undergo complete destruction 
within the first week after grafting, the graft at the same ‘time being invaded bj^ large 
numbers of lymphoc 3 'tes, these being especially numerous m the region of the junctions 
The collagenous framework of the graft, however, persists for a long time, being in\ aded bi 
large numbers of macrophages, presumably to remove the debris of degenerated nerve 
fibres and destroyed Schwann cells Regenerating nerve fibres, accompanied by Sclniann 
cells, are able to invade such grafts from the central end At the same time, Schwann cells 
from the host nerve migrate into the graft from its distal end, and when the graft is short 
(less than 3 cm ) the two streams of cells meet somewhere -nithin the graft, giving such 
grafts at a late stage an appearance ivhich does not differ strikinglj' from that of autografts 
In long grafts (5 cm and over), oiving probably to a failure of vascularization, the two 
streams of cells fail to meet As a result such grafts at a late stage shov a proximal zone 
resembling a successfully reinnervated peripheral stump, separated from a distal /one 
resembling a degenerated but uninnervated distal stump by a dense collagenous plug 
The implication of these and other findings with reference to the mechanism of destnic 
tion of homografts was discussed 

To a question by Professor Yofeev as to whether or not there was evidence of haemato- 
genous migration of macrophages once vascularization had occurred. Dr Sanders replied 
in the affirmative 


Dr E P Sasiuee read a paper on ‘The innervation of the articular capsule of the knee 

^^Tdetailed lustological study of the innervation of the articular capsule of man and of tlie 
cat has been undertaken to provide an accurate anatomical basis for a further 'nqmrj into 
the sensitivity of these structures It was found that a large proportion of the medullatecl 
and non-medullated nerves winch ramified m the joint capsule did so m company uilli the 
blood vessels They vete distributed in a plexiform manner through the 
ligament and synovial membrane, and gave off branches uhich (n) innerv'atcd the b oo 
vfssels, (h) formed a true nerve plexus in the syno^nal membrane (this 
branches from the nerves winch entered the joint tissues independently of the blood ) , 

“loSe'new "■ 
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small a senes of specimens Tlie exact nature of the nerve fibres m the articular capsule has 
hitherto remamed unsolved, and in an effort to acquire more precise knowledge the knee 
joints of twelve sjunpathectoiruzed cats ha\e been studied and compared with jomts of 
normal ammals The conclusions reached were that, though a lajge component of the nerv es 
in the jomt capsule were of a sjunpathetic ongin, the sj-novial membrane, contrary to the 
viens of Gemeck (1932), Plasserman and Daubenspeck (1938), and others had a sub- 
stantial somatic nerve supply 

Dr Aitken remarked that careftd histological techmque must be emploj^ed to distmgmsh 
nerve fibres, unless continmtj from larger fibres to smaller ones can be traced, then the 
results must remam inconclusive Dr Sasiuei. rephed that he was convinced that his 
teclmique demonstrated nerve fibres only 


Drs M Reiss, F E Badkick and J M Haekerstom (mtroduced by Professor J M 
Yoffey) read a paper on ‘The uptake of radioactive tracers bj the pmeal gland’ 

In confirmation of Borell and Orstrom it was found that the pmeal takes up per mg 
fresh weight considerablj^ more P^- than any other organ of the body Borell and Orstrom 
are mclmed to ascribe, therefore, a special hormonal function to the pmeal m phosphorus 
metabolism This assumption was found to be mcorrect, smce also the lodme uptake (F^’) 
of the pmeal is, with the exception of the thjwoid, considerably higher than all the other 
organs 

It has, on the other hand, been found that P“ and uptake of the pmeal is stdl further 
mcreased after hj-poplysectomy Some antagomsbc action between pitmtarj and pmeal 
concemmg the uptake of radioactive tracers is therefore assumed 
Dr J H,vJULTO^ asked whether the calcareous deposits in the pmeal gland had any 
relationslup to phosphorus uptake Dr Reiss rephed that he did not know, but that this 
problem would be worth while investigatmg 

Dr Jacobv commented on the observed mcrease m cell content of the pmeal foUowmg 
hypophysectomy, and inquired if there was anj evndence of mitotic actmty Dr Field, 
repljnng for the authors, said that no mitosis had been observed, but that this need not be 
regarded as unusual , some rapidly growing embryonic tissues showed none 


Dr F B Robinson and Professor J M Yoffei read a paper entitled ‘Effects of cold 
and adrenaline on the suprarenal cortex of the adult male IVistar rat’ 

Fiftj adult male rats were exposed to cold at 0° C for times v arjnng from a mm to 
7 dav s Forty-four rats were given smgle mtrapentoneal injections of adrenaline and kiUed 
at times v arjnng from 5 mm to 1 week afterwards Six rats were given repeated injections 
of adrcnahne three times a daj for times ranging from 1 to 7 dajs Studied bv means of 
the Schultz and other histoclienucal reactions, the suprarenal cortex showed depletion 
commencing vnthm 5-10 min after exposure or injection In general, there is a close 
similarity m the response of the cortex to adrenahne and cold 
Dr Reiss remarked that the interesting changes reported in the cholesterol distribution 
in tlie adrenal might be due to the endogenous mobilization of corticotrophic hormone m 
the cold It has been shown that the corticotrophic hormone considerablj reduces the 
cholesterol content of the adrenals in a few hours after mjection , the cholesterol content 
being restored or even increased 2-3 hr afterwards Tlie reduction in cholesterol is probablv 
connected witli the increased cortin production winch takes place when rats are kept in the 
cold He thought it most interesting that the changes desenbed bj Dr Robmson occurred 
mainlj m the zona fasciculata and reticularis, while the zona glomerulosa remained im- 
altcrcd This mav be in agreement with the assumption that the production of cortico- 
sterone (responsible for carbolij dratc metabolism, etc ) takes place in the zona fasciculata, 
which also atrophies after hj-popliv scctomv , while the production of desoxj corticosterone 
(responsible onlj for water and salt metabolism) in the zona glomerulosa is apparentlj not 
influenced bj the pituitarj antenor lobe 
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‘n>‘»™y of «.e vessels end nencs „r 

The blood suppl 5 y and innervation of the hypophysis has been studieil ,n fP.ri, ^ 
representatives of existing classes of vertebrate With some reservations for Agnatlm ml 

folloivmg generahzations appear to hold 

(1) The derivatives of Rathke’s pocket obtain their blood supply from the vascular 
mesenchyme, -which at first separates them from the diencephalon ^ 

(2) The venous effluent passes caudally and laterally into the vascular plexus of the 
saccus endolymphaticus m amphibians or into the cavernous sinus in higher forms 

(3) A hypophysio-portal circulation is developed in Sahenha, is constant in higher forms 
and is characterized by a secondary vascularization of the median eminence of the tuber 
cmereum (found also in some caudata) and by collection of the effluent blood into portal 
channels -which then supply the adenohypophysis 

(4) In NectUTus the dorso-caudal part of the infundibulum receives an independent blood 
supply Progressive enlargement and speciahzation of tins region, apparently paralleling 
the first acquirement of a land habitat, leads to the neural lobe of higher forms 

(5) The lustology of the neural lobe is suggestive of direct secretion from nerve terminals 
rather than through the pituicjdes 


(6) Endings are often seen in the pars intermedia Vasomotor-hkc endings are frequent 
in the median eminence and rather rare in the pars tuberahs, but never m the pars distahs 
are nervous structures seen, though reticulum may closely simulate them 

Dr Walls suggested that a radio-opaque substance such as thorotrast might be employed 
to demonstrate the course of the circulation Tlus would provide a permanent photographic 
record of the direction of the blood flow Dr Gr:een rephed that the direction of blood lion 
had been observed directly by Houssay et al , and by himself in a variety of Amphibia He 
agreed that it was desirable to show tlus m higher vertebrates, but he doubted whether the 
method suggested was as rehable as actual observation of the living circulation 
Dr G W Harbis asked why the author stated that the median eminence of the neuro 
hypophysis contained relatively few nerve fibres as compared -with the infundibular process 
Dr Gbeen rephed that the fibres which passed through the median eminence branched when 
they reached the infundibular process, giving the appearance of -more nerve fibres in the 
latter 


Dr G W Harbis read a paper on ‘O-imlation m the rabbit’ 

A technique has been developed for stimulating the basal areas of the brain in a group of 
conscious rabbits simultaneously and for prolonged periods By this method it has been 
found that' stimulation of the tuber cmereum in the unanaesthetized rabbit, for as short 
a period as 3 min , may be followed by a full ovulatory response Direct stimulation of the 
anterior pituitary, pars intermedia or pituitary stalk, for periods up to hr nas not 
followed by ovulation These results are discussed in relation to the possibility of neuro- 
vascular transmission of stimuli from the hypothalamus to the anterior lobe of the pituitary 
■via the hypophysial portal vessels 

Dr Jacoby inquired if the author had any idea of the nature of the stimuli passing along 
the blood vessels Dr Harris replied that there uas some evidence for acetylcholine as 
a possible hormonal transmitter of the stimuli down the hypophyseal portal vessels, though 
the work of Taubenhaus and Soskui, on which tlus hypothesis is based, uas perlbrmcd on 

the pseudopregnancy response m rats, and could be questione o” ^ groun icren 

other e^ndence put fonvard by Markee, Sawj^er and Holhngshead 

substance might be concerned, for these uorkers injected ^ ‘ 
pituitary gland in rabbits destruction 

stream 
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coriNoluted tubules ■niuch ha\e pre\uously been 8110%™ (Baxter i- Yoffej — m tlie Press) to 
be funetional as judged bj their abibtv to store ti^qian blue The enzjTiie is absent, or 
present m negbgible traces, in the mesonephros of this form It appears m the proximal 
segments of the metanephnc tubules relati\ elj late m pre-natal hfe and its actmtj is not 
verv great iilien compared %nth the kidnej after birth 

In the sheep, on the other hand, enz%’me acti\ntj is marked in the mesonephros at the 
earhest stages examined (7 8 mm ), and continues imtil %%ell after the time wlien it is first 
seen m metanephnc tubules (29 mm ) Its acti\ntj m the latter is iveU marked dunng the 
remainder of pre natal hfe 

Since the presence of the enzjTne probablj denotes a functional matimtj of the meso- 
nephnc and metanephnc tubules, the differences between the results m the rat and the 
sheep are probably to be correlated ivith the type of placentation m each 

Alkahne phosphatase is also present m the ‘secretory’ segment of the pronephnc tubule 
m the tadpole stage of the frog and m fishes shortly after hatching It v, ould appear, then, 
to be an important substance m the vertebrate nephron 

Professor Hajiiltox inqmred concermng the state of affairs before the link up of 
secretory and collecting tubules during de\ elopment Dr B ixter rephed that alkahne 
phosphatase did not appear as a cytoplasmic enzyme until the tubules became structurally 
and functionally differentiated 


Professor J D Boyd read a paper on ‘Argentaffin dendritic cells in urogenital epithehum 
of male mammahan embryos’ 

Sih er impregnated matenal of rabbit, pig and human embry os and foetuses shoivs the 
presence of an extensile system of dendntic cells in the epithehum of the prostatic and 
penile portions of the urethra, m the epithehal fusion between the prepuce and the glans 
penis and m related ducts The dendntic cells are similar in morphologi to those found m 
embry omc epithehum of the head and to the dendntic cells (‘melanoblasts’) of post-natal 
skin Their distnbution and possible significance are discussed 
Professor Yoffex inquired if the processes of these cells actually enter the substance of 
neighbounng cells Professor Boyd rephed in the negati\ e and added that in skin, cells of 
similar character ‘pay off’ melanin into epithehal cells 


Dr C C Macklix’s commumcation entitled ‘Mapping the epithehum of the finer 
bronchioles by supravital sihenzation’ was read by Professor W J HAjnnTOx 

The fresh collapsed lungs of normal adult wlute mice w ere filled with ammoniacal silver 
solution, quickly drained and at once refilled with 10 % neutral formalin Strips of terminal 
bronchiolar epithelium, seen en face in flattened cleared frozen sections, were mottled, with 
irregular rows or islands of dark golden broivn intermingled ivith clear tracts of analogous 
disposition These sharply contrasting areas marked the air-presentmg faces of two distinct 
and well differentiated cell types composing the bronchiolar epithehum, respecti%ely the 
smaller silvenzed or dark, and the larger unsiUenzed, fight or clear cells 
The faces of the dark cells were made up mainh of fine browm, siUenzed granules of 
uniform sue and distribution, and their clear-cut borders were featured by points, joined 
by dark siKered fines, often conca%e outwardly Towards the aheolated air-ducts these 
faces became narrow , relatis ely inconspicuous, and insunken betiveen the protruding clear 
cells In lateral \aews afforded by unstained paraffin sections the sihenzed cells relati\eh 
remote from the ah coh w ere quadrangular, with the faces underlying the cilia appeanng as 
rodded fines of golden broivn in w Inch two la\ ers of granules could sometimes be discerned , 
w hile the incun ed side w alls and flat bases w ere represented by sheets of fine black granules 
Distally these cells frequently appeared as sharply limned truncated p\Taniids with flanng 
bases and narrow browm apical surfaces at the bottoms of funnel like depressions They ma% 
be represented on the ah colar walls by the epicytes 

The clear cells, eieiywiliere uncihated, formed islands and rows interwinding among the 
sih enzed cells Penpherally they increased in collects e area relati\ ely to the dark cells 
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The blood supply and innervation of the hypophysis has been studied m thirtve.aht 

nfnn?'' ses of vertebrate With some resen-ations for Agnatlm aid 

Chondrichthyes, pending further study, the folloivmg generahzations appear to hold 

(1) The derivatives of Rathke’s poeket obtain their blood supply from the vascular 
mesenchyme, which at first separates them from the diencephalon ^ 

(2) The venous effluent passes eaudally and laterally into the vascular plexus of the 
saccus endolymphaticus in amphibians or into the cavernous sinus m higher forms 

(3) A hypophysio-portal circulation is developed in Sahentia, is constant m liigher forms 
and is characterized by a secondary vascularization of the median eminence of tlie tuber 
emereum (found also m some caudata) and by collection of the effluent blood into portal 
channels which then supply the adenohypophysis 

(4) In Necttirus the dorso-caudal part of the infundibulum receives an independent blood 
supply Progressive enlargement and speciahzation of tins region, apparently paralleling 
the first acquirement of a land habitat, leads to the neural lobe of higher forms 

(5) The lustology of the neural lobe is suggestive of direct secretion from nerve terminals 
rather than through the pituicytes 

(6) Endings are often seen in the pars intermedia Vasomotor-hke endings are frequent 
in the median eminence and rather rare in the pars tuberahs, but never m the pars distahs 
are nervous structures seen, though reticulum may closely simulate them 

Dr ITalls suggested that a radio-opaque substance such as thorotrast might be employed 
to demonstrate the course of the circulation Tins would provide a permanent photographic 
record of the direction of the blood flow Dr GaSm rephed that the direction of blood floa 
had been observed directly by Houssay e£ al , and by himself in a variety of Amphibia He 
agreed that it ivas desirable to show tins in higher vertebrates, but he doubted -nhethcr the 
method suggested was as rehable as actual observation of the living circulation 

Dr G W Harris asked why the author stated that the median eminence of the ncuro 
hypophysis contained relatively few nerve fibres as compared ivith the infundibular process 
Dr Green rephed that the fibres which passed through the median eminence branched when 
they reached the infundibular process, giving the appearance of more nerve fibres in the 
latter 

Dr G W Harris read a paper on ‘Ovulation m the rabbit’ 

A technique has been developed for stimulating the basal areas of tlie brain in a group of 
conscious rabbits simultaneously and for prolonged periods By this method it lias been 
found that' stimulation of the tuber emereum m the unanaesthetized rabbit, for as short 
a period as 3 mm , may be followed by a full ovulatory response Direct stimulation of the 
anterior pituitary, pars intermedia or pituitary stalk, for periods up to hr was not 
followed by ovulation These results are discussed in relation to the possibility of neuro- 
vascular transmission of stimuli from the hypothalamus to the anterior lobe of the pituitary 
via the hypophysial portal vessels 

Dr Jacoby inqmred if the author had any idea of the nature of tlie stimuli passing along 
the blood vessels Dr Harris replied that there nas some evidence for acetylcholine as 
a possible hormonal transmitter of the stimuli down the hypophyseal portal vessels, though 
the work of Taubenhaus and Soskm, on which tins hypothesis is based, nas performed on 
the pseudopi^gnancy response m rats, and could be questioned on that ground Tl.cre nns 
othe^ cAudence put fonvard by IMarkee, Sawder and Holhngsliead 

substance might be concerned, for tliese norkers injected adrenaline directlj into 
p,tu..ary gland nabb.ts and 
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5Ir F R WitJiE read a paper on ‘The ner\e supply of the ihac -vessels m man’ 

The general pattern of innervation of the arteries to the e-'ctremities is well known Tlie 
precise ongm and number of such nerv es, their ultimate source, and the degree of mdindual 
variation still await clarification Moreover, the nerve supply of vems, regardmg which 
anatomical hterature is scanty , has assumed cluneal importance of recent y ears 

The present commumcation summarizes the conclusions reached from dissection of the 
vascular nerves that supply the common and e-vtemal ihac vessels, m full-term human 
foetuses 

UrN Tereschenko e-^ressed admiration ofMr Wilde’s skill as a dissector, and remarked 
that he had w orked with a French surgeon w ho considered that penartenal sympathectomy 
was invanablv successful In the case of the femoral artery^ special attention to two pomts 
was necessary', vnz (1) that the first inch of the profunda must be carefully stnpped as well 
as the femoral artery itself, as the nerv e fibres following the profunda later returned to the 
mam femoral trunk, and (2) that the nerve fibres tra-vel in the superficial layer of the 
intima as w ell as m the adv'entitia and must be destroyed to ensure success , accordingly 
the denuded parts of the artenes should be painted with a carbohc solution which can be 
washed away after a few imnutes 

Dr F W Fyfe presented a commimication entitled ‘Some features of the mterlockmg 
pattern at the upper epiphysial surface of the femur with reference to “shpped epipliy'sis”’ 
The mterlocking of elevations and depressions on the opposed metaphy seal surfaces of the 
head and neck of the femur is not mentioned m the masterly paper of Key (1926), where the 
opimons of 102 authors are discussed Nor is it cited m available papers from 1926 to the 
present, the most recent anatomical e-<penment reported being by Ollerenshaw and Wood 
Jones, whose attempts to force off the epiphysis m two normal femora aged 14 and 13 years, 
removed post mortem, caused fracture distally m the neck 

Key' empliasizes the strength in cluldren of the neck penosteum, which m adolescence 
atroplues towards the adult ty'pe The epiphyseal junction is a curv'ed surface, hke the 
spherical head, but flatter centrally If the penosteum were not tightly' attached, angular 
stresses w ould tend to dislodge the neck from the cupped head 

The upper end of the femoral neck of a boy', whose epiphysis looks normal but had been 
loosened by bomb blast, shows a tendency for antero postenor shppmg after bisection 
coronally, penosteal support tlius bemg reduced This tendency' is due to ndges mnnmg 
antero postenorly Other femora show the elevations (papillae and ndges) m a v anety of 
patterns One type noted has the ndges mnnmg from a flat or depressed centre to the 
periphery , an arrangement capable of opposmg stresses from all directions Another type 
has a more definite arrangement, -mth antero postenor ndges at antenor and/or postenor 
quadrants All hav e areas with papillae scattered indiscninmately, mostly m the medial and 
lateral quadrants (the condition throughout the flat, horizontal epiphy sis of the elephant), 
but these papillae are often low and rounded m contour This senes is at present too small 
for categoncal statements, but since it is improbable that early enough cases vviU ev er be 
evamined at biopsy or post-mortem, it may help to explain the cluneal fact that tnvial 
injunes, harmless if sustained as stresses in some directions, are, nevertheless, the only' 
etiological factors in 30 % of cases (endoenne imbalance being quoted as the cause m the 
rest), and if the sheanng stress is sustained m an antero postenor plane by a femur whose 
epiphy seal ndges run in a similar direction, the head may be the more easily dislodged, 
other factors bemg equal, e g penosteal strength and cartilage-to-bone cohesion 

Professor Mitchell said that the existence of papiUiform elev'ations and reciprocal 
depressions interlocking like those of dermis and epidermis, was recognized by many 
orthopaedists as a stabilizmg mechamsm at epiphy seal junctions Dr Fyfe’s suggestion 
that these might be definite papillary epiphvseal patterns was novel and mteresting, and 
it vv as conceiv able that certain patterns imght prov e less efficient in resisting either sheanng 
or angular stresses and so fav our diastasis If further inv estigations confirmed this sugges 
tion, the matter would be of considerable interest to orthopaedic surgeons 

Professor \ offev suggested that a similar study might be made at other sites, e g at the 
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HISTOCHEMCAL CBAJS^GES IN THE SUPRARENAL GLAND 
OF THE ADULT J\IALE RAT 

BvJ M YOFFEYavdJ S BAXTER* 

From the Department of Anatomy, The University, Bristol 

The ob3ect of the present work has been to observe the ehanges occurring in the 
suprarenal gland of the adult male rat after the admmistration of pituitarj^ adreno- 
tropic hormone (PATH) and extract of suprarenal corte-s. (Eschatm) f 

MATERIAL AND METHODS 

Seventy-eight adult male rats of the Wistar stram -were used, of which forty-six were 
treated, tiventj' were untreated and twelve were controls In experiments lasting 
longer than 6 hr , PATH and cortical extract were mjected subcutaneously In 
experiments lasting 6 hr or less, it was thought desirable to have a precise startmg- 
point, and injections were made mto the femoral vem under brief ether anaesthesia, 
thus obviating a possible source of confusion due to varymg rates of absorption after 
subcutaneous administration It had been hoped that with brief anaesthesia (10 mm ) 
the adaptational reaction noted by Selye (1937) would be of onlj' moderate intensity, 
and that additional changes would follow the administration of PATH However, 
the interpretation of these further changes proved difficult Six control rats anaes- 
thetized for 10 mm each, and then killed in pairs 1, 3 and 6 hr later, all showed 
a characteristic adaptation (‘alarm’) syndrome MTiere the survival period was 
longer than 6 hr , and the mjection was made ivithout anaesthesia, the changes m 
the suprarenal cortex could be mterpreted as an uncomplicated response to PATH 
or cortical extract In six control rats which were given subcutaneous mj actions of 
normal saline, and kdled in pairs 3, 6 and 12 hr later, no significant changes -were 
noted m the cortex 

Dose and duration of evperiment PATH was given to each of twenty-eight rats 
in a smgle dose of two sudanophobic units (Reiss, Balmt, Oestreicher & Aronson, 
1936) per 100 g body weight, and the anmials were killed from 1 hr to 3 days after 
injection Eschatm was injected daily into fourteen rats, in a smgle dose of 5 dog 
units (Harrop, Pfiffner, Weinstein <SL Swingle, 1932) per 100 g body weight, for tunes 
ranging from 1 to 14 days and kdled 24 hr after the last mjection Four further rats 
were given a daily injection of eschatm for 3 days, and kdled 12 hr after a smgle 
injection of PATH on the 4th day 

HISTOCHEMICAL TECHNIQUE 

The animals ha\ang been killed bj’’ coal gas, the suprarenals were removed immediatelj’' 
and fixed in formol-calcium (10 % formol m distilled water, with the addition of 1 % 
calcium chloride) for 3 daj^s, and ashed m running tap water for 24 hr , the} ere 
then placed m a 25% solution of gelatm (avith a trace of phenol) m a desiccator, and 

* Aided bv a grant from the Colston Research Fund 

t For supplies of adrenotropic hormone (Cortrophin Organon) ire are mdebted to Organon Laboratories 
Ltd Extract of suprarenal cortex (Eschatm) has been provided b^ the conrtesy of Dr Stanley UTiite 
Parke, Dans and Co 
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left in an incubator at 37 C for 30 lir After this embedding in gelatin, the block 
was placed in 10 % forinol-calcium with cadmium chloride (1 %) added, and kept m 
the refrigerator at about 2 C for 3 days before cutting This technique produces 
a block, with about the consistency of celloidm whatever the external temperature 
Sections were cut at 10/t and mounted on gelatm-coveied slides The following stains 
were employed, m the manner described 

Sudan hlacl Sections were rinsed for a few seconds m 50 % and 70 % alcohol, then 
stained for 3 min m a saturated solution of Sudan black (Gurr) in 70 % alcohol They 
were then washed m two changes of 50 % alcohol and mounted m glycerine ]elly 
The technique for staining, as also for fixation and embedding, is substantially that 
employed by Baker (1945) 

Phenylhydmzine At first 2 4-dmitrophenylhydrazme sulphate was employed (see 
Yoffey & Baxter, 1948), but it was found not to be so precise as 2 4-dinitrophenyl- 
hydrazine hydrochloride, and was therefore abandoned in favour of the latter 
Sections were treated for 3-4 hr m a saturated solution of 2 4-dinitrophenyl- 
hydrazine hydrochloride m equal volumes of 2 n/HC 1 and absolute alcohol They were 
then washed in two changes of a fluid consisting of equal parts of absolute alcohol 
and concentrated hydrochloiic acid, allowing 5 mm in each, and mounted m 
glycerine jelly The employment of hydrochloric acid was suggested to us by Brof 
Wilson Baker, in order to dissolve out 2 4-dinitrophenylhydrazme hydrochloiide 
and leave only the 2 4-dinitrophenylhydrazones 
Plasmal leacUon Sections were well washed in running tap water and then in 
distilled water They were treated for 3 min with a saturated solution of mercuric 
chloride in water, after which they were immersed in Schiff’s reagent (fuclism- 
sulphurous acid) for 15 mm After three washings' m'jsulphurous acid water, each 
lasting 30 sec , they were washed in distilled Avater and mounted in glycerine jelly 
Schultz reaction Sections were treated for 2 days with 2 5 % aqueous non alum 
at 37° C They were then allowed almost to dry on the slide, and covered with a drop 
of equal parts of concentrated sulphuric acid and acetic anhydride, the cover-shp 
being sealed with paraffin wax The sealing is important, for it enables the specimen 
to be kept for 24-48 hr whereas if not sealed it becomes useless after a few hours 
When weather permitted, sections after treatment with iron alum were exposed 
to bright sunshme for 3 days, as recommended by Schultz (1924) The combination 
of iron alum and sunlight was found to give more effective coloration than eithci 

alone 


THE SIGNIFICANCE OF THE HISTOCHEMICAL REACTIONS EMPLOYED 

The phenylhydrazine leaction The phenylhydrazine reaction was first applied to 
the suprarenals by Bennett (1940), who believed that it Avas a specific test for 
corticosterones Using phenylhydrazine hydrochloride, he vorked avRIi thick 
sections, and observed the reaction with incident light The specificity of the reaction 
Avas questioned by Gomori (1942), Albert & Leblond (1940) and others Ihcj 
mamtained that the substances which stained AMth phenylhydrazine Avere the same 
Tthose Avhieh gave the plasmal reaction, and that the phenylhydrazine reaction 

gave no additional information 
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The plasma! reaction The plasmal reaction n as first used by Fenlgen & Voit (1924) 
and has been e'vtensively employed in recen^ years According to Thannhauser 
& Schmidt (1946), the reaction mdicales acetals of fattj’- aldehj^des (chiefly steanc 
and palmitic) bound \nth colamme glycerophosphate ‘ Plasmalogen the substance 
which becomes transformed mto ‘plasmal’ to give the reaction, is associated in the 
tissues mth phospholipids, but not mfrequentlj'' the extent of the area stammg with 
Sudan black differs markedly ffom that stammg with Schiff’s reagent 

In general it is true that tissues — ^mcludmg fat — ^which give a positive plasmal 
reaction also give a positive phenylhydrazme reaction, though m the case of the 
suprarenal cortex the plasmal and phenylhydrazme areas may differ markedly m 
extent I^Tiatever the precise nature of the substance or substances stamed by the 
plasmal and phenyll^drazme reactions, their distribution seems to vary m accordance 
mth functional changes m the suprarenal gland m a manner which may throw some 
light on the gland’s_function 

The Schultz reaction The Schultz reaction was mtroduced m 1924, as an application 
to sections of the Liebermann-Burchardt colour test for sterols (see Fieser, 1936) 
Accordmg to Schultz the cholesterol has first to be oxidized by sunhght or iron alum 
to ‘ oxycholesterol concerning the chemical nature of which Wmdaus, when con- 
sulted by Schultz (1924), was somewhat guarded, but which presumably corresponds 
to the dihydroxycholesterol of our termmology Accordmg to Fieser (1936) ‘the 
colour reactions distmguish sharply the unsaturated from the saturated sterols 
and the question which obAuously arises is whether the Schultz reaction is specific 
for cholesterol, or whether it is given by any other unsaturated sterols On comparmg 
the Schultz coloration with the colour reactions of some pure steroid hormones, it 
was noted that, whereas the Schultz reaction gives a green colour, progesterone 
crystals on a slide gave a bright yellon when treated vuth the Schultz reagents, as 
did oestrone, desoxycorticosterone acetate (Doca) gave a dull brick with a slight 
bluish tmge, and even androsterone, nhich is saturated except for the carbonyl 
group, became a brownish yellow 

Recently Everett (1947) has concluded that the tjqncal Schultz colour response is 
limited to the diols formed from cholesterol by mdd oxidation procedures Ei erett 
further noted that when cholesterol was mixed in gelatm with lecithin and other 
fats, the Schultz reaction ceased to be positixe at a cholesterol concentration lower 
than 1 10 The reaction, with a little care, is one of considerable precision E'v en 
uithm a single ceU it can be shown that its distribution is not uniform, for it is 
limited to the cytoplasm and does not mvolve the nucleus (PI 1, fig 5) This bemg 
the case, it appears certam that the occurrence in the gland as a whole of Schultz- 
positive and Schultz-negative zones accuratelj'- reflects the distribution of the 
cholesterol derivatives which give the reaction 

The observation of changes m the distribution of cholesterol within the suprarenal 
gland IS of considerable interest It has been known for some time (see revieu by 
Tepperman, Engel & Long, 1943) that, after feedmg diets rieh m cholesterol, the 
gland may shou a marked increase m its cholesterol content and eaen undergo 
hypertrophy Recent work (Bloch, 1945, Sayers, Sajers, Liang & Long, 1946) 
indicates that cholesterol accumulates m the suprarenals as the raw material out 
of nluch steroid hormones are made It would not be unreasonable, then, to expect 
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that marked variation m the secretory activity of the suprarenal cortex should be 
accompanied by appreciable changes in its cholesterol content on a scale sufficient 
to allow of histo chemical demonstration 

In general distribution and intensity, the Schultz, phenylhydrazine and plasmal 
reactions, and the Sudan black stain, show a rough parallelism As far as concerns 
the Schultz reaction and sudanophile lipoids, this is in accord with the view that 
birefrmgent crystals in the suprarenal cortex are composed of cholesterol, for Yoffey 
& Baxter (1948) noted that these crystals, though not themselves sudanophile are 
most abundant in the region of maximal sudanophilia The correspondence of the 
plasmal and sudanophile zones fits m with the view of Thannhauser & Sclumdt (1946) 
concerning the fatty nature of plasmalogen Phenylhydrazine no doubt does form 
phenylhydrazones with cortical steroids, and possibly with the fatty aldehydes which 
yield the plasmal reaction In the present work it has been found to stain lipoids 
generally in spite of attempts to dissolve out excess phenylhydrazine by hydro- 
chloric acid 

It must, however, be noted that the plasmal and Sudan black zones do not always 
coirespond, nor do the plasmal and phenylhydrazine zones In the present state of 
our knowledge it is only possible to draw attention to these facts without being able 
to explain them adequately With regard to the plasmal and Sudan black zones, 
several experiments showed zones which stained with Sudan black but did not give 
a plasmal reaction Presumably the fatty aldehydes can disappear as a result of 
cortical stimulation while sudanophile lipoids are still present 

PI 1, figs 9 and 10 illustrate a gland m which the phenylhydrazine and plasmal 
zones were markedly different, the former being much more extensive than the 
latter, and occupying most of the depth of the zona reticularis Whatever the 
detailed chemical explanation, such experiments indicate that the criticisms of the 
phenylhydrazine reaction advanced by Gomori (1942) and others, at any rate in so 
far as it was equated with the plasmal reaction, are not altogether valid In a personal 
communication sent to us immediately before publication. Dr J Danielli reports 
a recent conclusion by Boscott, Mandl, Danielli & Shoppee (1948, unpublished), that 
‘ the aldehyde reactions obtamed by using the plasmal technique on the suprarenal 
cortex show the presence of some compound other than desoxycorticosterone or 
allied ketones ’ With this the present experiments are in full agreement, for we find 
that, in different functional states of the cortex, either the plasmal-positive zone may 
sometimes be markedly greater than that which gives a phenylhydrazme reaction, 
or vice versa 

RESULTS 


A The normal suprarenal 

In the suprarenal of the normal male rat the plasmal, phenylhydrazme, Sudan black, 
and Schultz colorations extend through the zona fasciculata and reticularis (PI 1, 
figs 1-5) as far as the medulla, from which they are absent, except for nerve fibres 
and islets of cortical tissue which may sometimes be found in the medulla The stain 
is usually strongest in the outer part of the zona fasciculata, and less dense in the 
reticularis, giving rise to a characteristic gradient As a rule the transition e iveen 
fasciculata and reticularis is not abrupt, except perhaps occasionally m the 
the plasmal and phenylhydrazine reactions 
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The zona glomerulosa is not al^^ays -nell marked, though when it is present it ma3>- 
be the most hea^nly stamed part of the cortex, with a clear subglomerular zone 
bet%\ een it and the outer part of the zona fasciculata The marked vanabihtj' of the 
zona glomerulosa as compared "mth the remamder of the cortex would accord with 
the vieus of Creep & Deane (1947), m so far as they suggest different functions for 
glomerulosa and fasciculata In mew of this variability it becomes difBcult to define 
what IS a normal glomerulosa Frequentlj’^ the distribution of stammg matenal is 
patch occasionallj’- a varymg length of glomerulosa maj^ be clear and free from 
stam, while the remamder maj”^ be full}’’ stamed In mew of the possibihts" that the 
conditions of cage life (three to six rats m a cage) might repeatedly stunulate cortical 
secretion, ehciting at mtervals Selye’s (1937, 1946) alarm reaction, it was decided 
to tr}"" the effect of isolation Three rats were kept m separate cages for 24 hr , and 
then killed, the suprarenals of these rats showed m two cases full stammg of the 
glomerulosa, m the third case almost complete absence of stammg Three further 
rats were then isolated for 40 daj^s, and preciselj’- the same result was obtamed, 
namely two with full glomerulosal stammg, one with complete absence of stammg 
It seems reasonable then to mfer that glomerulosal discharge (of material stamable 
with the plasmal, phenjlhydrazme, Schultz and Sudan black reactions) whatever 
its cause is not a stress reaction The zona fasciculata and zona reticularis, on the 
other hand, under the usual conditions of cage hfe, never show a discharge, though 
they can be made to do so m response to a varietj’’ of stimuh Because of the 
variability of the glomerulosal stammg reactions, even m the normal animal, 
attention m the present paper has been directed mainlj' to the zona fasciculata and 
reticularis, and only incidental obserx'ations have been made on the glomerulosa 

B The effect of pituitary adberothopic hormox*e (PATH) 

(1) Schiff's reagent, Phenylhydrazine, Sudan black 
As already noted the results from 1-6 hr after mjection are complicated by the 
fact that these animals were subjected to brief ether anaesthesia The effects of 
anaesthesia are being mvestigated in further detad, and wiU not be described here 
With this qualification, the changes after PATH mjection (plasmal, phenj Uij’'drazme, 
Sudan black) may be summarized as follows 

One hour after injection Two experiments In both there was depletion of the 
reticularis inth aU three reagents, while the zona fasciculata appeared normal 
Three hours after injection Two experiments In both the stammg of the outer 
fasciculata was intensified, but whereas m one the reticularis was depleted, 
m the other it was not 

Six hours after injection Five experiments In two experiments the onlj' obvious 
change was m the reticularis, which m one case showed shght weakening, m 
another marked depletion In two experiments there was mtensified staining 
of the fasciculata with weakening of the reticularis The fifth experiment 
show ed w hat w e liar e termed a re\ ersal effect, namely weakenmg of the 
fasciculata and mtensified stammg of the reticularis 
Tuelvc hours after injection Six experiments Three appeared normal One showed 
marked depletion of the reticularis, and between it and the fasciculata an 
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intermediate zone most evident with Sudan black The remammg two showed 

weakening of the reticularis, with moderate intensification of the fasciculata 
m one of them 


Twenty-fow horns after tnjecUo7i Six experiments TSyo were practically normal 
to one, depktion of the reticularis with phenylhydrazme and Sudan black, 
but not with Schilf ’s reagent In one, a marked reversal effect with Schiff’s 
reagent, but not with phenylhydiazme One showed depletion of the reti- 
cularis with Sehiff’s reagent, but not with phenylhydrazme One showed 
a slight reversal effect with Schiff’s reagent 

Foitij-eight hours after injection Five experiments Two showed marked depletion 
of the reticularis with both the plasmal and phenylhydrazme reactions, and 
one of these (PI 1, figs 9-11) showed a well-marked intermediate zone 
between fasciculata and reticularis, much wider with phenylhydrazme than 
with Schiff’s reagent Two were almost normal, though m one there was 
a narrow juxtamedullary zone completely depleted, and m the other a similar 
zone with weak staining The appearances suggest that the stamable matter 
extends into the reticularis from the fasciculata One showed intensification 
of the fasciculata as well as weakening of the reticularis 

Thiee days aftei injection Two experiments One appears normal One has an 
intensely stamed narrow band m the fasciculata, and a large weakly stammg 
reticularis 


(2) The Schultz leaction aftei administration of PATH 

Six hours after the administration of PATH the Schultz reaction demonstrates 
marked changes (PI 1, fig 6) It disappears altogether in the reticularis, and 
occupies only a narrow and weakly staining zone m the fasciculata At 48 lir after 
m 3 ection (PI 1, fig 12) cholesterol is present in amounts which are nearer the 
normal, though by the other tests employed the cortex is still far from normal 


Discussion of PATH lesults 

Plasmal and phenylhydiazme zones do not always coincide There is frequently 
a difference in extent between the plasmal and phenylhydrazme zones In two 
48 hr experiments, for example, the reticularis showed marked depletion with 
Schiff’s reagent, much less' with phenylhydrazme (PI 1, figs 9, 10) Cases also occur 
where the zone of phenylhydrazme depletion is wide, that of plasmal depletion narrow 
It is important to compare sections taken through the middle of the gland, and 
to avoid oblique cuts through the cortex to the present experiments the procedure 
adopted was to cut fifteen such sections at 10/t and discard the remainder of the gland 
Functional significance of plasmal and phemjlhydrazine leactions That the sub- 
stances which give the plasmal and phenylhydrazme reactions frepently do not 
comcide m extent would accord with the original interpretation placed "PO" 
phenylhydrazme reaction by Bennett (1940) On the other hand, the fact tliat fat 
can give a weU-marked phenylhydrazme coloration suggesta some caution m 
a“eSg this interpretation On the basis of the present series of ey^nmenb a U 
be legitimately inferred is that, in stimulation of the cortex by PAIIl, 


/ 
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charactenstic changes are produced m both the plasmal and phenylhydrazme 
reactions, so that one can decide -with some degree of certamty whether the cortev 
IS in the resting state or not 

Does a single dose of PATH induce cyclic changes? The fact that there can be 
fairly rapid depletion of the reticularis occurrmg mthin the first 6 hr , then seemmgly 
normal cortex m some cases at 12 hr , mth depletion again m endence m some 
instances at 24 hr and at 48 hr , suggests the possibihty that a smgle dose of PATH 
maj produce C3'chc changes, inth repeated emptjung and filhng of the reticularis 
This is obnously Imked nuth a number of other questions the answers to which are 
not known, such as Hon long can PATH remam unaltered m the blood ^ Can some 
of it be used to stimulate cortical secretion, while the remamder circulates unchanged 
m the blood to act on the cortex when the first wave of secretion is over’ Is there 
a quantitative relationship between PATH and the suprarenal cortex’ Recently 
introduced methods for the estimation of cortm m the blood (Hemphill & Reiss, 
1947) may pronde an important link m the cham of evidence It is mterestmg to 
note that ei en 3 days after a smgle mjection of PATH the cortex may not have 
returned to its resting state 

The functional zoning of the cortex Arnold (1866) on morphological grounds first 
mtroduced the traditional zonmg of the cortex mto glomerulosa, fasciculata and 
reticularis In the rat a narrow but definite subglomerular zone also exists Bennett 
(1940) suggested in the cat a grouping mto four zones — presecretory, secretorj’’, 
postsecretory and senescent In the rat, apart from the glomerulosa wluch would 
correspond to the presecretory zone of Bennett, the present experiments do indicate 
three further zones in the cortex, malung a total of four zones m all However, the 
zone which Bennett terms senescent appears to be one vhich may repeatedly fill 
mth stainable matter and become depleted, so it may conceivably play a rather more 
active part m cortical functioning than the term ‘senescent’ would imply If the 
stainable matter is associated with cortical hormones, then the zona reticularis 
could well be a storage zone for cortical secretion, w hich it might rapidly discharge 
w hen needed If, on the other hand, the reticularis is a secretory zone, its cholesterol 
content w ould indicate much less secretory activit j than m the fasciculata In one 
of the rats isolated for 40 daj^s there was marked increase of stamable matter m the 
reticularis, and this would agree wuth the idea that it was a storage zone m which 
secretion had accumulated under stress-free conditions It should perhaps be noted 
that a division of the cortex mto fixed zones may not qmte correspond with the facts, 
since under \arjing functional conditions the cortex maj’' show a good deal of 
plasticitj^ It maj’- even be that the different zones are to a considerable extent 
interchangeable 

The outer part of the fasciculata, from its rich cholesterol content, w ould appear 
to be secretoiy The reticularis may be either weaklj’ secretory or a storage zone 
The purpose of the intermediate zone is not quite clear, but from obserwing differences 
in its width, it seems conceivable that it may represent the gradual extension of 
stainable matter, possiblj secretion, from the outer to the inner zone (PI 1, 
figs 9-11) 

Variability of results In spite of apparent uniformitj' m dosage and other experi- 
mental factors, the response of the suprarenal gland m the \arious animals was not 
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constant We are unable to account for this, and can only speculate that either the 
g ands were not all in the same functional condition at the outset, or else that m 
some animals unappreciated differences m the conditions prevailing at the time of 
injection may have evoked additional responses, of Selye’s (1946) adaptational type 
iiigmficance ofcholestei ol changes The diminution in the cholesterol content of the 
fasciculata may be attributed to its conversion into steroid hormones which arc 
discharged into the blood stream, and presumably fresh cholesterol would be taken 
up from the blood by the cells of the cortex to replace that utilized in the elaboration 
of hormones If hormone secretion is stimulated, its rate of formation and discharge 
could conceivably exceed that of cholesterol replacement so that a very active cortex 
might be almost devoid of cholesterol This view is supported by the finding, already 
noted, that 6 hr after a single mjection of PATH the cholesterol content of the cortex 
shows a marked diminution Conversely, if the discharge of hormone is retarded, the 
rate of cholesterol deposition in the cortex might either be unchanged, in which 
case it would gradually accumulate m the gland, or else the cholesterol would only 
be taken up as required for conversion into the hormone, in which case it would not 
show a great increase In order to determme whether the cholesterol taken up by 
the suprarenal cortex was {a) independent of, or (h) ran parallel ivith the secretion 
of steroid hormones, a number of rats were given repeated injections of cortical 
extract The effect of this would presumably be to make it unnecessary for the cortex 
to secrete its own hormones, and if {a) were true cholesterol would accumulate m the 
cortex, whereas if (6) were the case it would not 


C The effect or cortical extract 

The effect of repeated admmistration of cortical extract was to cause intensified 
staining by all the methods employed, in both the glomerulosa and the remainder 
of the cortex, during the first 3 days Subsequently there was a gradual weakening, 
which by 14 days was very marked The simplest explanation of this sequence of 
events is that for the first 3 days the gland was functioning normally, and tliat 
steroid hormones and their precursors accumulated in the cortex When the adminis- 
stration of cortical extract was continued beyond this stage, the cortical cells under- 
went degenerative changes The Schultz response at the end of 3 days is very heavy 
both m the glomerulosa and the fasciculata It never becomes very intense in the 
reticularis, though as it accumulates in the fasciculata the latter zone may encroach 
considerably on the former 


D The effect of cortical extract follo\ved by PATH 

If cortical extract is given daily for 3 days, the accumulation of cholesterol is 
intense (PI 1, fig 7) If then on the fourth day PATH is given, tins aecumulated 
cholesterol quickly disappears from the fasciculata and the reticularis 
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reaction, and the further observation that PATH does not influence its cholesterol 
content even when the latter is heavy seems to confirm this 

SUMMARY AXD CONCLUSIONS 

1 The reactions of the suprarenal glands of adult male Wistar rats to pituitary 
adrenotropic hormone (PATH) and extract of suprarenal cortex have been studied, 
using Sudan black staming, as -well as the plasmal, phenylhydrazme and Schultz 
reactions 

2 Changes in the glomenilosa appear to be mdependent of those m the remamder 
of the cortex 

3 The view is advanced that, while the fasciculata is secretory m function, the 
reticularis may be a storage zone 

4 An intermediate zone between the fasciculata and reticularis is sometimes 
very evident 

Our thanks are due to Prof Wilson Baker, F R S , and Dr T iMalkin for repeated 
advice on chemical matters, and to Mr J E Hancock for the photomicrographs 
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EXPLANATION OF PLATE 

All the illustrations are photomicrographs of frozen sections lO/t in thickness A =glomerulosa, 
— subglomenilar zone, G=fasciculata, B ^reticularis, Jl/=medulla, Z= intermediate zone, F=Peri 
capsular fat 


Note Some of the lettering is slightly out of place In Fig 1 the letter B, in Fig 3 the letters A and 
B, in Fig 6 the letter A, in Fig 7 the letters A, B and C, m Fig 8 the letters B and G all should bo 
shghtly nearer the surface of the gland, to mdicate the layers correctly In Fig 9 the lettering should 
be reversed so as to form a mirror image of Fig 10 


Figs 1-4 Suprarenal of normal adult male rat, showing the plasmal (Fig 1) and phcnylhydrazino 
(Fig 2) reactions, Sudan black stain (Fig 3), and the Schultz reaction (Fig 4) Note the glomerulosa 
and subglomerular zone, and the moderately marked grachent of staimng in the remainder of the 
cortex, the stammg bemg slightly more intense in the fasciculata, and u eaker nearer the medulla 
There is no widespread stammg of the medulla, though in Fig 4 the medulla has an islet of cortical 
tissue X 50 

Fig 5 High-powerviewofpartofFig 3, showing the localization of the Schultz reaction to the cytoplasm 
of the cell, the nucleus being Schultz negative x 200 

Fig 6 Dimmution of the Schultz positive zone 6 hr after a single intravenous injection of PATH 

x36 

Fig 7 Schultz reaction m the suprarenal of a rat which had been given daily injections of cortical 
extract for 3 successive days, and was killed on the 4th Compare with the Schultz reaction m the 
normal gland (Fig 4), and note that the reaction is nojv much heavier both m glomerulosa and 
remamder of cortex, that the strongly Schultz positive zone is wider, extending well into the 


reticularis from the fasciculata x 50 

Fig 8 Schultz reaction m the suprarenal of a rat which had been given daily injections of cortical extract 
for 3 successive days, then on the 4th received a smgle dose of PATH and was killed 12 hr later 
Compare with Fig 7, and note the marked dimmution m cholesterol content of fasciculata and 

reticularis x 50 

Figs 9-12 Suprarenalglandofratkilled48hr after a single mjection of PATH Fig 9, plasmal reaction. 
Fig 10 , phenylhydrazme reaction. Fig 11, Sudan black stam, Fig 12, Schultz reaction The photo 
graphs are from a set of fifteen sections taken through the middle of the gland The plasmal reaction 
Ts positive over a narrower zone than the phenylhydrazme Fig 9 shou s a well marked mtormediatc 
zone and Fig 10 a broadenmg of the intermediate zone so as to give a reversal of the usual colour 
gradient, with the reaction more intense in the reticulans than the fasciculata Fig 11 sliows a 
positive Sudan black stain in a region which gives a negative phsraal and phenylhydrazme reaction 
(Figs 9 and 10, x 17 5, Fig 11, x 50, Fig 12, x35 ) 
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AN ejection apparatus INCORPORATING A JIAXEMIBI 
PRESSURE SAFETY DEVICE 

By R W V^EEKS and V C TINDLEY 
DepaHment of Anatomy, Royal Veterinary College 

The use of liquid Latex or Vinylite Resin for making corrosion specimens is ac- 
companied by the disadvantage that syringes of the metal to metal or metal to 
glass tjqies have a great tendency to jam after the injection of a feu millilitres of the 
mass Several u orkers have overcome this difficulty by using apparatus of their own 
design, all basieaUy similar and depending on compressed air or gas of some deserip- 
tion for injection of the mass Such is the apparatus of Narat, Loef & Narat (1936), 
Tobin (1947), and Trueta, Barclajq Daniel, Franklin & Prichard (1947) 

Such technique is undeniably superior to the use of the syringe, ev en of the glass 
to rubber or fibre type, for large specimens giving, as it does, a comparatively e^ en 
pressure over a considerable period Nevertheless, some slight pressure fluctuation 
seems m our experience to occur i\ hen using this apparatus We have succeeded in 
eliminating such fluctuation, providing at the same time a maximum pressure 
safety valve by inserting into the usual circuit, m lieu of the Winchester bottle or 
other reservoir, a simple device as follows (Text-fig 1) y 


C 
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Fig I Rubber tubing connexions m broken outline 

Compressed air enters at A and fills the apparatus A T-piece B gives access i la 
a length of rubber tubing to a length of glass tubing C This tube C is held by a clip Z? 
through which it can slide up and dowu, and it dips into a large tube E containing 
mercury According to the depth of immersion of tube C into the mercurj’’ so the 
compressed air has greater or less difficultj in escaping tlirough the mercury , and 
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the pressure m the apparatus is registered by manometer F At G is a tliree-way 
stopcock which allows the compressed air to flow via tube H to injection mass 
container I, or shuts off tube H from the rest of the apparatus, or allows the pressure 
of gas in tube ff and container I to escape into the atmosphere, thus ensuring an 
immediate cessation of the flow of the injection mass from I tlirough J to needle 
or cannula K whenever desired 

This apparatus has been in use for almost two years and has proved eminently 
satisfactory for the injection of corrosion specimens, the injection of indian ink and 
various radio-opaque substances into the kidneys of anaesthetized animals in physio- 
logical experiments, and for sundry other purposes requiring a known injection 
pressure in conjunction with some safety device to ensure against distortion ot 
vessels from their normal paths by sudden raising of the pressure 

It IS strongly recommended that as much as possible of the conducting part of the 
apparatus be made in one piece of glass as this eliminates several likely sources of air 
leakage, such as from rubber tubing joints on T-pieces, etc For the same reason we 
prefer to use a Buckner funnel as a container in such injections as require only 
a litre or less of volume 

SUMMARY 

The replacement in the compressed air type injection apparatus of the usual pressure 
stabilizing bottle by an open mercury reservoir into which dips a tube connected 
with the circuit conducting the mam flow of compressed air combines, it is claimed, 
a constant pressure with an automatic maximum pressure safety valve 
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THE USE OF SAFRAIsHH-O FOR THE DEMONSTRATION 
OF CYTOPLASMIC NUCLEOPROTEINS 

By C L FOSTER 

Department of Anatomy, St Mary's Hospital Medical School, London, W 2 

The expenments to be described were originally designed to discover whether 
histocheraical evidence for the presence of proteol 3 d;ic enzymes or their precursors 
could be obtained For this reason, attention was mitiallj’’ concentrated upon the 
zymogen granules of the pancreas and the pepsmogen granules of the peptic cells 
of the stomach The animals used were rats and guinea-pigs 

The technique employed was based upon the fact that safranin and certam other 
related azme dyestuffs combme, apparentlj’' specifically, in mtro, with proteol)^^ 
enzjmies The first observations were made by Robertson (1907), who showed that 
when a drop of saturated Grubler’s saframn was added to a solution of trjqism, 
a precipitate was formed The observations were further extended by Holzberg 
(1913), who showed that the precipitate formed wnth trypsin possessed proteohtic 
activity Marston (1923) demonstrated that the precipitate formed wnth a crude 
pancreatic extract possessed proteolytic, but neither hpolytic nor diastatic activity, 
he was also able to prepare trypsm, erepsm, pepsm and papam azme precipitates 
with safranm and other azme bases, such as neutral violet and neutral red Marston 
suggested that the enzyme became hnked to the dye through the basic nitrogen of 
the azme rmg 

On the evidence from the in vitro experiments ]ust mentioned, it was hoped that 
the perfusion of freshly killed ammals with a safranm solution might result in the 
dye being ‘ fixed ’ m cells or regions of cells containing proteolytic enzjme systems 
It will be seen from what follows, that the expected results were not ob tamed, 
but that the dye was found to be firmly held onty m cells the cytoplasm of which 
IS known to contam a high concentration of nbose-nucleoprotem 

MATERIALS AND METHODS 

The fourteen guinea-pigs and eight rats used in these experiments were kiUed wnth 
chloroform or ether The thoracic aorta was exposed and cannulated, the right 
auricle punctured and the vascular system perfused with normal saline at 37° C 
for 10 mm The saline was immediately followed by a 1% solution of filtered 
Grubler’s safranm m normal saline at the same temperature [In later ex^ieriments 
this safranm had to be replaced by one of another manufacture and this was found 
to be less reliable ] The perfusion with the dve was carried out more sIowl 3 ’’ and 
lasted up to 20 mm and, on an a^erage, 50 ml of the solution were used After 
perfusion, pieces of stomach, pancreas, kidney and, m later experiments. Id er and 
pituitarj^ gland were removed All these tissues were fixed m 10% formalin, but 
some pieces of stomach, pancreas and kidnej’- were fixed m absolute alcohol or 
Bourn’s fluid The tissues were Avashed OAcmight in water, dehydrated through the 
alcohols, paraflin embedded and cut at 10 p 
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Some sections were examined without further treatment, others were hfflitlv 
unterstained with light green, and the nuclei stained with a 1 % aqueous solution 
f ? acidified alcohol removes basic dyes from tissues, the effect 

ot a 1 /o HCl solution in 70 % alcohol upon the retention of the dye m the cells was 
also investigated 

In addition, one rat was perfused with a 1 % solution of neutral red in saline and 
another with a 1 % solution of neutral violet in saline Also, a rat and a guinea-pig 
were perfused with a 1 % solution of methyl green in saline and one guinca-pig 
with a 0 5 % solution of toluidin blue in saline These last two dyes were used as 
controls, since they are both basic substances but are chemically dissimilar to the 
azme dyes Fmally, small pieces of stomach and pancreas from an unperfused 
gumea-pig were fixed m 10 % foimalin washed in water, soaked in 1 % safianm 
solution in saline overnight, dehydrated, embedded and cut This was done to 
discover whether safranin was retained in any particular cells after fixation 

In some later experiments, when it appeared thaVthe safranin retention in cells 
was associated with the presence of nucleoproteins rather than proteolj’tic enzymes, 
it was decided to investigate the possible ‘fixation ’ of the dye by the Nissl substance 
of neurones Difficulty, however, was encountered in getting satisfactoiy lesults 
after perfusion of the nervous system In consequence, a different technique was 
used Pieces of medulla were removed from guinea-pigs killed with ethei and 15/i 
sections were immediately cut on the fieezing microtome These sections were placed 
for 30 min m warm 1 % safranin in normal saline, after which they were rinsed in 
water and fixed m 10 % formalin overnight The sections, after washing in water, 
were stained with light green in clove oil and mounted in balsam Where the general 
cytoplasmic staining was strong, the dye was removed by treating the sections for 
5 min with acid alcohol before eounterstainwg 


RESULTS 

Of the total of twenty-two perfusions carried out, those on three rats and five 
guinea-pigs were unsatisfactory This was due either to a failure of the perfusion 
before the safranin ivas passed through, or to an incomplete perfusion of the dye 
Before the results are described in detail, it must be emphasized that these ex- 
periments are not consideied to be comparable with those in which a dilute solution 
of a relatively non-toxic dye is applied to tissues mtra- or supra-vitally In such 
cases the cells may be regarded as being in a practically normal functional state 
In these experiments, however, where the animals were first killed by a hpoid 
solvent anaesthetic and where, on an average, half an hour elapsed before the 
perfusion was complete, it seems almost certain that some post-mortem changes 
would have occurred within the cells, particularly in their membrane permeability 
On the other hand, there was no evidence to suggest that the post-mortem changes 
were such as to result m any gross displacement or alteration of intracellular struc- 
tures such as secretion granules or chromidial substance 


The effect of the method of fixation on the retention of the dye 
Peifased pieces of stomach and pancreas from one rat ivcrc fixed in absolute 
alcohol andLnr one rat and one guinca-pig m Bonin’s fiu.d In neither case nas 
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there an> fixation of the dye, -nhich iras lost from the tissues durmg the fixation 
process itself Both of these fixatn es are protein precipitants and therefore act in 
a different manner from formalm, after the use of which the dye was retained m 
certain cells to be described below 

The retention of saframn in the cytoplasm of certain cells after perfusion 

Immediately after a satisfactorj'^ perfusion the w hole tissue was a briUiant reddish 
purple colour, but during the course of fixation, washmg and dehydration the dye 
largelj diffused out After cuttmg and the removal of paraffin from the sections, 
there was generallj’" some diffuse stainmg of the section as a whole m addition to 
the more intense staming of those cells winch appeared to have an unusual affinit}’’ 
for the dye The diffuse stainmg generally disappeared durmg downgradmg through 
the alcohols, prior to staming the nuclei with methyl green Alternatively, the 
diffuse stain could readily be removed by treatment with acid alcohol for a minute 
or two, but such treatment did not affect the dye in the specifically stained cells 

The retention of saframn in gastric and pancreatic cells 

The results obtained were rather unexpected, both in rats and guinea-pigs It 
was anticipated that if there was to be any fixation of the dye in these particular 
organs its attachment would most likely be to the proteoljdic enzyme precursors, 
1 e the pepsinogen granules of the stomach and to the zjnnogen granules of the 
pancreas In no mstances, however, were these granules coloured by the safranm, 
although certam regions of the cj-toplasm of both peptic ceUs and the alveolar cells 
of the pancreas were seen to retain the dye The retention of the dye m these C 3 ’'to- 
plasmic regions was, moreover, quite strong, smce in well-perfused specimens 
treatment for 12 hr in 1 % HCl m 70% alcohol did not completelj'' remove the 
saframn from them, although dowmgradmg tlurough the alcohols, or a brief rmse m 
acid alcohol was sufficient to remoxe the dye from the rest of the section One 
exception to this last statement was observed in the stomach, where the cj'toplasmic 
granules of certain, as jet unidentified, connective tissue cells showed a strong 
affinity for the dj e 

The distribution and morpbologj’’ of the safranmophd material m the cj-toplasm 
of the ah eolar cells of the pancreas w as particularlj’’ characteristic It recalled the 
basophil material known variouslj'^ as the chromidial substance or ergastoplasra 
This material, as is w ell known, occurs m the form of filaments and granules in the 
proximal part of the cj toplasm, w here the mitochondria are primarily concentrated 
The correspondence (PI 1, figs 3, 4, PI 2, fig 10) between the cliromidial substance 
as revealed by basic dj es in routine preparations after normal fixation, and the 
strands and granules coloured by the safranm when applied before fixation was so 
close, that there seemed little doubt that the structures so stamed were identical 
The secretion granules were uncoloured 

Again, in the peptic cells, the saframn-stained material w as in the form of tlureads 
and granules (PI 1, fig 1,P1 2, figs G--9) strongly reminiscent of the ergastoplasm 
It was possible to stain the cells bj Heidcnham’s iron-haematoxj lin method — 
a procedure which demonstrated the pepsinogen granules in the distal part of the 
cell and temporanlj obscured the ‘safranmophil’ material in other parts of the 
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cytoplasm on destammg, however, %vith iron alum, the red ergastoplasmic material 
ppeared. Thus once more, there seemed little doubt that the c^oplasmic parts 
stained corresponded closely with the basophil matemi known to occur m peptic 

ultra-violet light absorption technique (Caspersson, 
in!? V ^ method of digestion with solutions of purified ribonuclease (Brachet 
1941) have produced powerful circumstantial evidence for the presence of a Ingh’ 
concentration of ribose-nucleoprotems m these basophil ergastoplasmic regions of 
pancreatic and peptic cells (see Caspersson, 1947, pi 2, fig 2) and, indeed, for a large 
number of other cells known to have a Ingh rate of protein synthesis (Caspersson, 
1947, Thorell, 1947) In view of these findings, it was decided to investigate the 
fixation of safranm m certain other organs, the cells of which are known to possess 
cytoplasmic ribose-nucleoprotems Those chosen were liver, pituitary and brain, and 
the results obtained are described below 


The letention of saframn %n the hvei, pitmtanj and hain 

The highest concentration of safranm m the liver was in the cells at the periphery 
of the lobules close to the portal canals The safranmophil material was either in the 
form of aggregates of small deeply staining granules distributed at random in the 
cytoplasm or the whole of the cytoplasm was stained, but to a lesser degree (PI 2, 
fig 5) The former appearance resembled most closely the basophil material described 
m liver cells 

Although only one satisfactory perfusion of the guinea-pig anterior pituitary was 
obtained, the results are reported here In sections of tins specimen it was not 
possible to distinguish the cell types with certamty, but strands and granules of 
saframn-staining material were observed in what appeared to be basophil and 
acidophil cells This was similar to the basophil material demonstrable in these cells 
after fixation in Helly’s fluid, and staining with methylene blue-eosm mixtures 

As has been pointed out above, it was found necessary to alter the technique for 
the study of the neurones of the central nervous system The essential condition of 
the other experiments was, however, maintained in that the tissue was subjected to 
the dye before fixation Exammation of the sections showed unquestionably, that 
the safranm had become ‘fixed’ to the Nissl substance (PI 1, fig 2), and this 
fixation was resistant to several hours’ treatment with acid alcohol Furthermore, 
an examination of Auerbach’s plexus in the safranm perfused stomach shoued 
neurones with their Nissl substance dyed by the safranm 


The retention of saframn in the kidney 

The kidney was mitially studied together with the stomach and pancreas, in 
order to see whether the use of saframn might be a method for the histological 
demonstration of the proteolytic enzyme renm Examination of the sections showed 
that the dye was held m certain tubules of the cortex, the medulla being very much 
less deeply stained After treatment with acid alcohol, the dje stil found to be 
hdd in the cells of the proximal, and possibly m those of the distal convoluted 
Lbules the staining reaction was diffuse and the dye did not appear to be attached 
or particles, as was the case wth peptic and pancreatic cells In some 
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instances, the dye appeared to be adsorbed to the capillary iralls of the glomeruli 
and to material precipitated m the cavit\' of Boivman’s capsule 

The effect of staining laith saframn after fixation 
The technique used has already been descnbed It iras found that the d\ e iras 
very rapidly extracted during the embedding process from the pieces of gumea-pig’s 
stomach The exammation of sections, prior to doivngradmg through the alcohols, 
shovred a coloration of all cells and nuclei, as ivell as a strong stammg, this time of the 
pepsmogen granules Alcohol and acid alcohol were found to remor e the safranm 
from the cells and pepsmogen granules with great rapiditv — a marked contrast to 
nhat was obsen'^ed m the previous experiments 

The retention of neutral motet and neutral red 
The fundus of the rat’s stomach was used to discover whether these two dj'es, 
chemically related to safranm, were likewise fixed m the peptic cells In both cases 
there was a retention of the dye m these ceUs The rather pale colour of the neutral 
violet made it difficult to determme the exact nature of the cjd:oplasmic parts 
stained, but there vas certainly no evidence that the pepsmogen granules took up 
the dye The reaction with neutral red was diffuse, but there yas no stammg of 
pepsinogen granules 

The effect of perfusion with methyl green and tolmdin blue prior to fixation 
These substances were chosen as examples of powerful basic dyes, chemically 
dissimilar to the saframns It y as thought that if the retention of the basic dj e, 
safranm, m certam cells was merely due to a combination with an acid component 
in the cytoplasm, then other basic dj es might act in a similar manner This y as not 
the case, hoy ever, with the tyo djes used, they yere rapidly washed out durmg 
embeddmg and downgradmg through the alcohols and were qmckly and completely 
removed b) acid alcohol 


The retention of safranm by nuclei 

The results here were variable In a number of mstances, and particularly m 
nerve cells, it was noted that the plasmosomes and more irregular granules, mter- 
preted as karyosomes, held the safranm strongly The dj'e could often be masked 
y ith a nuclear stain such as meth\ 1 green, but the red colour reappeared after the 
removal of the green dye with acid alcohol 

DISCUSSION 

From the results described abo\ e, the foUoiving principal pomts emerged 

(1) The safranm was firmlj^ held, eaen after acid alcohol treatment by the cj^o- 
plasni of certain cells, yhen the subsequent fixation of the specimen y as in formalin 
It was not held when subsequent fixation yas m alcohol or Bourn’s fluid Of these 
three fixatu es onh formalin is a non-prccipitant of proteins 

(2) The application of the d>e after fixation m formalin did not result m its 
retention bj anj cells m the tissues studied In fact, m the stomach there was 
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a qualitative difference in that the pepsinogen granules were temporarily stained 
whereas m safranin perfusion befo, e fixation they were never coloured 

(3) t did not seem likely that the holdmg of the dye was directly related to its 
asic nature, since the two chemically dissimilar basic dyes used—toluidm blue and 

me hy green— were rapidly removed, both during the embedding process and 
afterwards 


(4) The chemically related dyes, neutral violet and neutral red, nere also found 
to be held in cells similar to those which react strongly with safranin The staining, 
however, particularly with neutral red, was more diffuse and its precise intracellular 
distribution was difficult to determine 

Recent investigations by Schultz & Caspersson (1940), Caspersson (1947), Thorell 
(1947), and others, have provided evidence which suggests that the nucleopro terns 
of the cytoplasm play a very important part in intracellular protein synthesis A 
high concentration of ribose-nucleoprotems appears to be associated, for example, with 
embryonic cells, developing blood cells and various gland cells possessing a high 
protein turnover Moreover, it seems more than probable, that in various glandular 
cells of an exocrme type, the nuCleoproteins are largely concentrated m the strongly 
basophil cliromidial substance or ergastopiasm This certainly seems to be true for 
pancreatic and peptic cells The basophil material present in the chromophil cells of 
the pituitary and ui liver cells, as well as the Nissl substance of nerve cells (Hyden, 
1947), also contains a high proportion of ribose-nucleoprotems In all these instances 
it is possible to destroy the characteristic basophilia by the incubation of tissue 
sections with the enzyme ribonuclease for which ribose-nucleoprotein is believed to 
be a specific substrate (Brachet, 1941, 1947, Dempsey & Wislocki, 1945, Davidson 
& Waymouth, 1948 , Gersh & Bodian^, 1943) 

The close correspondence between the morphology and position of the cytoplasmic 
structures ‘fixing’ safranin. m these experiments and the ergastopiasm and Nissl 
substance suggests that it is the nucleoprotems of the cell which are binding the dye 
It IS not necessarily true, however, that the dye combines specifically with ribose- 
nucleoprotems, smce, as has been mentioned, the karyosomes (which contain 
desoxyribose-nueleoprotein) often showed a strong affinity for the dye In nerve 
cells, the plasmosomes which contain ribose-nucleoprotein were always strongly 


reacting 

It may be relevant that Dustin (1947) has suggested that certain vital dyes, su cli 
as neutral red, which accumulate m pre-existing and newly formed intracellular 
vacuoles (such as those of the Golgi zone of various cells), do so because they become 
attached to the acidic nucleoprotem molecules wluch he believes accumulate in 
these structures There appears to be no suggestion, however, of any specific chemical 
attachment Of more significance is the observation communicated to me by Prof 
Frank Dickens, F R S , to the effect that nucleic acids combine, m vitro, with 

derivative) to form a precipitate 
\hich have been made, tlie tivo 
First, the nucleic acid part of 
safranin to give a fairly stable 
nhich IS resistant to subsequent 
js been recently suggested by 


phenosafranm (the substance of which saframn-O is a 
In an attempt to account for the observations i 
following alternative hypotheses are put fonvard 
the nucleoprotem molecule may combine with the 
compound, which is not destroyed by formalin and 
treatment with acid alcohol Secondly, if, as hi 
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Brachet (1947), the nucleic acids of the cj-toplasm are associated with proteolj-tic 
and other enzjnne systems, then the safranm maj-- combme with these associated 
proteolytic enzjTnes, presumably by the same mechanism as operates tn vitro 
(see Introduction) On this hj-pothesis, the failure of the dye to combme with 
pepsmogen or zymogen granules must be assumed to be due to the fact that these 
bodies contain enzyme precursors and not the active enzymes themselves, and m 
consequence behave differently 

The results with kidney tissue are anomalous according to either hjqiothesis, 
smce there is little ribose-nucleoprotein in kidney cells These cells are, however, 
unique m respect of their absorbmg and secretory properties, and the diffuse reten- 
tion of the dye by proximal eonvoluted tubules might be a special case connected 
with these properties, but smce such an explanation is dependent upon the assump- 
tion that the kidney cells m these experiments uere sufficiently undamaged to 
function normaUy, it seems an unlikely one 

SUMMARY 

1 Safranm and certam other azme dyes were found to be firmly held m the acmar 
cells of the pancreas, peptic cells of the stomach, liver cells, nerve cells of Auerbach’s 
plexus and the chromophil eells of the antenor pituitary, foUowmg post-mortem 
perfusion ivith the dyes, and subsequent fixation of the tissues m formalin The dye 
was also retamed in nerve cells of the brain after the special procedure already 
described 

2 The intracellular distribution of the dyes and the distribution of the cyto- 
plasmic nucleoprotems were found to be in close correspondence 

3 It IS suggested that the dye combines directly, either with the nucleic acids, or 
else inth proteolytic enzymes which may be associated with them 

I uould like to thank Prof F Goldby of the Anatomy Department, St Mary’s 
Hospital Medical School, for his interest and helpful criticism 
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EXPLANATION OF PLATES 


Plate 1 

Pig 1 Guinea pig stomach Peptic cells (p), oxjm tic ceUs (o) Safranm perfusion, nuclei stained uitli 
methyl green x 1000 

Pig 2 Nerve cells from meduUa of gumea pig, showmg retention of safranm m the Nissl substance 
Stamed ivith safranm prior to fixation (see text), and counterstained with light green x 500 
Pig 3 Pancreas of dog, showmg distribution of chromidial substance (c), for comparison with fig 4 
Zenker formol fixation, Ehrlich’s haematoxylm and eosm x 400 
Pig 4 Gumea pig pancreas, shoivmg retention of safranm m the basal regions of the cells, where cliro 
nudial substance is normally present (c) Safranm perfusion, nuclei stamed with methyl green 
x600 

Plate 2 


Figs 5-10 Camera-lucida draivmgs of safranm perfused gumea pig material 

Fig 5 Liver cell showmg distribution of safranmophil material 

Pigs 6-9 Cells from fundus of stomach showmg the distribution of the safranmophil matenal which is 
m the form of threads and granules m the peptic cells (p) Note that this material is absent from the 
ox 3 mtic cells (o) 

Pig 10 Section of pancreatic alveolus Notice that the distribution of the safranmophil material cor 
responds with that of the chromidial substance (cf PI 1, fig 4) «=region of unstained zymogen 
granules 
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Plate 1 


Plate 2 
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DENDRITIC CELLS IN PIGIMENTED HIDIAN SKIN 

ByR E BILLINGHAjM 
Department of Zoology, Umiersity of Birmingham 

INTRODUCTION 

It has long been knoY-n that the characteristic coloration of the skin of the pigmented 
human races is due to the presence of the pigment melanm This occurs m the epi- 
dermis "n here it is most abundant at the level of the deepest or basal layer of cells 
As to the source of origm of this pigment and the mtunately conneeted problem of 
the evact cellular composition of the tissue that contams it, complete unanimity of 
opmion has not yet been reached, some authors stiU mamtaming that the Malpighian 
cells are the site of melanogenesis (see renevs by Hoepke, 1927, Bloch, 1929, 
Percival A Stevart, 1930, Laterjet, 1938, Meirovsky, 1940, Masson, 1948) 

In gumea-pig epidermis, a compound tissue in whose structure tv o anatomically 
distinct tj^ies of ceU participate — Malpighian cells vith their speciahzed derivatn es, 
and dendritic cells — melanogenesis has recently been shown to be an exclusive 
property of the latter (Billingham, 1948) Tvo distinct ‘true breedmg’ races of these 
branched cells exist the ‘pigmented’ dendritic cells vhich occur m the black 
epidermis of the spotted black-and-vhite gumea-pig and vhich are responsible for 
its pigment formation, and the anatomically identical ‘vhite’ dendritic cells vhich 
are foimd exclusively in the vhite epidermal regions ‘Pigmented’ and ‘vhite’ 
dendritic cells differ only in that the former are endowed with the power of melano- 
genesis The epidermis of ordmary vhite human skin has a similar tvofold composi- 
tion, but so far as pigmentary activity is concerned it resembles the skm of the 
so-called albino gumea-pig m that it has a latent capacity for pigment formation 
In this animal the epidermis is normally white, probably because of the presence of 
an inhibitor (Onslov, 1915, Gmsburg, 1944), but it may be caused to blacken bj 
such a mild stimulus as cold v eather It maj"^ be added that m the white skin of the 
spotted guinea-pig no merely physical stimulus is known v hich v ill initiate even the 
slightest degree of melanogenesis (Lev in A Peck, 1941 , Gmsburg, 1944) 

In viev of these considerations there seemed to be the strongest indirect evidence 
that the epidermis of pigmented human skin would have a functional and anatomical 
dendritic cell system closely resembling that present in pigmented gumea-pig skm 
The object of this study has been to obtain direct ei idence in support of this analog} 
In this paper the term ‘pigmented human skm’ refers only to that of Indian or 
Negro and no attempt has been made to differentiate between the two t}pes The 
tw o mam teclmiques used, although briefly described m a prei lous paper (Billingham, 
1948), are here reported in some detail, m the hope that they w ill be of use to other 
students of cutaneous pigmentation 

MATERIAL AND METHODS 

Pieces of normal pigmented skm (made ai ailable tlirough the kindness of Prof T 
Pomfret Kilner, Dr H M Hanschell and Mr Dallas Ross) from a arious sites on the 
bodies of Indians and Negroes haa e been used in this stud} The bulk of the material 
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consisted of trimmings from Thiersch grafts (i e very thin sheets of skin comprisincr 
the epidermis and only the superficial part of the dermis) 

Sections The fresh material was fixed in formol-mercuric chloride, dehydrated in 
an ethyl alcohol series and, after the use of cedarwood oil followed by hgroin as 
antemedia, the tissue was embedded in paraffin wax Sections were cut at 8-10 /< 
and were lightly stained with Mayer’s carmalum or Ehrlich’s haematoxyhn and eosin 

Whole mounts of ‘Split’ skin The skin-splitting technique adopted (Medan ar, 
1941) depends upon the enzymic dissolution of the fine elastic fibres that unite the 
epidermis to the dermis Freshly obtained Thiersch graft shavings which had previously 
been vaselined on their cuticular surface Avere cut into fragments of approximately 
0 5 cm 2 These Avere floated on to a Seitz-filtered 0 5% solution of commercial 
trypsin powder in Ringer-bicarbonate containing 1 100,000 phenol red and adjusted 
thereby to pH 7 8, and digested for about 30 min , or longer if necessary (depending 
on the thickness of the material), at 38° C The fragments AA^ere then rinsed in 
unbuffered Ringer’s solution, blotted free from excess fluid, and then carefully 
flattened out on a dry slide, cuticular surface loAvermost The thin layer of dermal 
tissue Avas then lifted off Avith fine forceps leaving the epidermis behind as a thin 
intact sheet The sheets of ‘pure’ epidermis so obtained (see PI 1, figs 3-5) and 
referred to hereafter as ‘split’ skin Avere either fixed directly m formal-calcium 
(Baker, 1944), dehydrated m an ethyl alcohol senes, cleared in clove oil and mounted 
in balsam, or immediately after fixation were treated Avith the ‘Dopa’ reagent 

The ‘Dopa’ leaciion (See Bloch, 1929 ) So far as the epidermis is concerned the 
Dopa reaction affords a perfectly A’^ahd method of selectively revealing those cells 
which possess an active melanogemc system or enzyme complex (Russell, 1939, 
Ginsburg, 1944) It is based upon the fact that Avhen fresh or freshly formal-fixed 
epidermal tissue is placed in a suitably buffered solution of Z-3,4-dihydrox}’phenyl- 
alanine (Dopa), a likely precursor of melanin (Raper, 1927), certain cells are able to 
bring about its intracellular oxidation to Dopa-melanin, becoming intensely blackened 
in the process, i e they are Dopa-positive 

Sheets of pure epidermis immediately after splitting AA'ere fixed for about half an 
hour in formal-calcium, rinsed in distilled Avater and transferred to the Dopa 
substrate freshly prepared by adding 2 ml of Sorensen m/15 potassium dihydrogen 
phosphate solution (lOIaPOJ and 8 ml of Sorensen m/15 disodium phosphate 
solution (NaaHPOl) to 25 ml of the stock 1 1000 Dopa solution in distilled Avater 
The tissue, placed in an open vessel to alloAV free access of air, Avas incubated in this 
substrate at 38° C foi half an hour, after Avhich the substrate Avas replaced by a freslily 
made-up solution and the incubation Avas continued for a further 21-3 hr The 
reaction was at an end Avhen the solution had taken on a scpia-broAvn coloration 
After rinsing in distilled Avater the standard fixation and mounting procedure Avas 

carried out 


OBSERVATIONS AND CONCLUSIONS 

study of transverse sections of full thickness pigmented skin, irrespective of tlic site 
L the body from which it was derived, shows that although melanin ^anulcs occiir 
at all levels throughout the epidermis, and m small quantities in the siipcrfici 
dermis, it is always at about the level of the deepest Malpighian cells that the pigme. 
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Tabular summary of the epidermal glial system m man and guinea-pig 




Konnal 

‘colonmetnc’ 

Pigmentary 

Isotes 

Type of cell 

Occurrence 

description 

activity 

Pigmentary 

Coloured human 

Pigmented or black 

Has a high level 

Cannot he distmguished in 

dendntic cell 

skm, e g 

Indian or 

Kegro 

dendntic cell 

of melano 
genesis which 

IS mtnnsically 
maintained 

unstamed or nn Dopa’d 
preparations because me 
lanm granules are golden 
brown m colour and 


relatively lai^e Dopa 
reaction is essential 


Black gumea 
pig skin 

Ditto 

Ditto 

Easily visible m unstamed 
spht’ skm preparations 
(Bdhngham 19k8) since 
melanin, granules are 
black and very mmute 
m size 

White human 

‘WTute’ or non 

Normally veiy 

Possesses necessary en 

skm 

pigmented 

shght or 

zyme system for pigment 


dendntic cell 

absent 

formation but an inbibi 
tor is present (Rothman 
et al 1946) Suitable 
stimuh e g ultra violet 
bght, will uutiate lumted 
degree of melanogenesis 
(e g sun tan) probably 
because of destruction or 
removal of inhibitor’ 

IVhitc skm of 

Ditto 

Can be evoked 

Can be caused to blacken. 

albmo guinea 


by appropnate 

e g after evposnre to 

pig 


stimuh 

cold Dendntic cells can 
then be seen m spht’ 
skm preparations (Bil 
bngham i. iledawar, 
1948) Possess necessary 
enzyme system for me 
lanogenesis but an in 
hibitor normally present 
(Onslow, 1915 Ginsbuig 
1944) 

Aon pigmentary IViute skin of 

‘White’ or non 

Absent and 

Ao form of physical stimu 

dendntic cell spotted black 

pigmented 

cannot be 

Ins known which wdl 

and white 
gmnea pig 
i wherever 
there is 
recessive’ 
spottmg m 
rodents 

dendntic cell 

evoked 

initiate any trace of 
pigmentation (Lewin A 
Peck 1941) Do no! 
possess necessary enzyme 
system for pigment for 
mation 


Synonyms mclanophore mclanoblast, chromatophore stellate cell, clear cell, cellule amboceptnce 


IS found at its greatest concentration (PI 1, figs 1, 3, PI 2, figs 9, 10) Here it maj 
be so abundant as to obscure the boundaries of the cells (PI 2, figs 9, 10) The 
pigment granules are spherical, uniform m size and of a deep golden brown colour 
in transmitted light, so differing markedly from those of black gumea-pig epidermis, 
which are black The capping and partial eni eloping of the basal-lay er cells by dense 
masses of these pigment granules is as prominent here (PI 1, fig 3, PI 2, fig 9) as 
in the guinea-pig In such preparations absolutely no indication of the presence of 
dendritic cells can be found 
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In sections of ‘split’ skin, m the preparation of which the tryptic digestion process 
had been prolonged to the point at which there was a tenincy for individual 
pidermal cells to break away from the epidermal sheet, dendritic cell processes can 
o en be seen still applied to it and apparently anchoring isolated basal-layer cells 
to the sheet (PI 1, fig 6, PI 2, figs 10, 11) 

In unstained whole mounts of ‘split’ skin, examined with their cuticular surfaces 
lowermost, careful search rarely if ever reveals a trace of a dendritic cell (see PI 1, 
g 4) This is in contrast to similar preparations of guinea-pig skin in which the 
pigmented dendrfiic cells stand out boldly by virtue of their content of opaque 
melanin granules which also enable the processes arising from their perikarya to be 
followed out to their finest terminal twigs 

The Dopa-treated split skin preparations have been the mainstay of tins study 
Examination of these reveals that dendritic cells are present in exactly the same 
position and abundance as are their ‘white’ homologues in white human skin from 
corresponding regions Their perikarya occur at about the same level as the basal- 
layer cells (PI 1, figs 2, 7, 8) and, as a single layer of discretely scattered cells 
among the latter, they follow faithfully the complex ‘hill and valley’ lelief pattern 
which the lower surface of the separated epidermal sheet presents (PI 1, figs 4, 5, 
PI 2, fig 12) In this pattern the ‘hills’ are the downward prolongations of the 
epidermis into the dermis while the ‘valleys’ are really the spaces which weic 
formerly occupied by the upward projection of the dermal papillae which, especially 
m thigh skin, tend to have flattened tops above which the epidermis is at its minimum 
thickness The dendritic cells are found m highest concentration along the summits 
and sides of the dowmvardly directed epidermal ridges, while along the ‘valleys’ 
corresponding to the shallowest and thinnest regions of the epidermis they aie more 
sparsely distributed In these latter regions the branching systems aiising from the 
individual dendritic cells tend to ramify more in the horizontal plane, thus enabling 
their relationships to neighbouring Malpighian cells and to cells of their own type 
to be studied (PI 2, figs 12, 14) These preparations also reveal that a propor- 
tional relationship exists between the degree of epidermal pigmentation and 
abundance of dendritic cells 

The epidermis of pigmented human skin is thus identical in its anatomical con- 
stitution to nonpigmented epidermis (see PI 2, fig 13), being composed of two tjqies 
of cell Malpighian cells and dendritic cells Functionally, of course, the dendritic 
cells in pigmented skin differ from those in white skin in that thej'" maintain in the 
epidermis a constant and relatively high concentration of pigment, wlule the non- 
pigmented dendritic cells in white skin can only effect a perceptible pigmentation of 
the epidermis as a result of some form of external stimulus, e g ultraviolet light, 
irritants, etc This pigmentation never reaches a very higli level of concentration and 
for its indefimte duration is dependent upon the continued application of the externa 
stimulus Kothman, Krysa & Smiljanio (1946) have suggested that white human 
epidermis contains a factor, probably sulphydryl compounds, with an inhibitory 
action on melanogenesis On the basis of this evidence they have suggested that in 
melanoblasts (dendritic cells) both substrate and active enzyme are 
reaction takes place between them because of the presence of the inhibitor Melan 
gemc sLul. act by oxd..mg or otherwaa destroy, ng the .nh.b.tor, thus ulloa.ug 
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melanogenesis to take place This would account for the sunilanty, with respect to 
pigmentary activity, between white human skin and that of the albino guinea-pig 
w hich has previously been referred to 

These pigmented dendritic cells in human material are very simdar both anatomi- 
callj and functionally to the dendritic cells found m the black skin of the gumea-pig 
Thej’- differ from the latter m that they cannot normally be distinguished by virtue 
of their ow'n melanin content, either in sections or in ‘split’ skm preparations, the 
use of the Dopa reaction, which is a sensitive colorimetric test for their melanogenic 
system, is essential This difference is probably due in large part to the intense black 
colour and fine gram of gumea-pig melanin compared w ith the golden-browm colour of 
the human pigment granules 

As in the case of the pigmented skin of the guinea-pig there is ample e%ndence that 
melanogenesis is an exclusive property of these pigmented dendritic cells and that the 
pigment granules present within the ordinary basal-layer or Malpighian cells, often 
in considerable numbers, are derived at second hand from the dendntic cells bj 
a process which may almost be compared to injection As Masson (1948) has pointed 
out, these cells are both secretor}’^ and excretorj'^ in function and may therefore be 
considered as glandular cells Unlike endocrine and exocrine glands, however, their 
product, melanin, is secreted into other cells across the terminal end-caps of the 
dendntic cell branches Masson has called this ‘cytocnne’ activity 

In mammalian epidermis dendntic cells comprise a definite cell system as definite 
and specific in its own right as the reticulo-endothelial sj'stem Billmgham A 
Jledawar (1948) have called it the epidermal ghal system To a\oid any confusion 
which may have arisen with respect to terminology, a comparative summarj of the 
‘epidermal glial system’ in man and the guinea-pig has been included (see p 111) 

SUMMARY 

1 It IS shown that the pigmented epidermis of Indian and Negro skm is exactly 
similar in its anatomy to that of the white races, being composed of the more or less 
rounded Malpighian cells with their derivatives and the branched dendritic cells 

2 There is, how ever, a difference in functional activity betw een dendritic cells in 
the tw o types of epidermis, m that those present in pigmented tissue, like those of 
the black guinea-pig, have a high rate of melanogenesis w hich is intrinsicallj’- main- 
tained, while those in white epidermis are capable onty of a relatively slight degree 
of pigmentary activity as a consequence of the application of suitable external 
stimuli 

8 Attention is drawn to the glandular or ‘cj tocrine’ role of pigmented dendritic 
cells 

The author wishes to express his sincere gratitude to Prof P B Jledawar who 
supervised the w ork recorded in this paper and gave great assistance at all stages, 
and to Miss Jem Morpeth who has gnen inialuable technical assistance 
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EXPLANATION OF PLATES 
Plate 1 

Pig 1 Vertical section through pigmented skm of Negro’s scrotum Observe the complex corrugation 
pattern charactenstic of scrotal skm The epidermal ridges penetrate rather deeply mto the under 
lying dermis Pigment density is greatest at the level of the lowermost ceUs of the epidermis Tlio 
dermis is almost devoid of melamn Lightly stained with Ehrheh’s haematoxylm and eosin 
x58 

Pig 2 Vertical section of pigmented scrotal skm of Negro cut at 40 /t on the freezmg microtome and 
treated with Dopa The bodies of the dendritic ceUs and their processes can just be distmguishcd due 
to the mtracellular formation of black Dopa melanm In the epidermis Dopa positn o cells arc only 
found at the level of the Malpighian layer x 75 

Pig 3 Vertical section of ‘spht’ pigmented scrotal epidermis The epidermis has been separated from 
the dermis by tiyptic digestion and the sections prepared from it lightly stained iiith Ehrlich s 
haematoxyhn and eosm (compare with fig 1) Although pigment is mainly restricted to the lovtl 
of the basal layer ceUs, many of the epidermal ceUs at higher leicis are ‘capped’ iiith pigment in 
a highly charactenstic manner x 67 r . , 

Pig 4 Whole mount preparation ofa sheet of pure pigmented epidermis (‘split’ skin) of Isegro s scrotum, 

unstained and viewed from the underside Note the complex ‘hiU and valley ’ contour or ridging 
pattern which the lower surface ofthe epidermis makes with the dermis This is often cliaracteristic 
and specific for the difi’erent types of epidermal tissue found throughout the body (compare w ith that 
of thigh skm, figs 5 and 12) The ‘hiUs’ are the cp^lermal ndges while the valleys are the spaces 
ongmfuy occupied by the dermal papillae In this preparation no indications of dendntic cel s can 
be distmgmshed Pigment is mamly concentrated along the crests and sides of the epidermal ridge 

x27 




HILI INCH \M — Djsdritic ceils in ticmented iilm\n skin 
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Tig 5 Whole mount of ‘split’ thigh skin of Indian irluch has been treated with Dopa The preparation is 
viewed from the underside Observe and compare the ndgmg pattern with that of scrotal epidermis 
(fig 4) The dendritic cell bodies have been ‘stamed’ black by the Dopa and can be seen clearlv They 
are more closely distributed m the epidermal ndges which are also the regions of maximum depth of 
pigmentation x 50 

Pig 6 Vertical section of ‘spht’ pigmented scrotal skm One of the ordmary basal layer cells has almost 
broken away from the epidermal sheet, hemg retamed only by a process from a dendntic cell which 
ends upon it as an mtimately apphed cap or end button tJnstamed x 1080 

Figs 7, 8 Pigmented dendntic cells m a sheet of pure epidermis from Xegro s scrotum which has been 
‘stamed’ with Dopa Them penkarya and the processes which arise from them are mtensely 
blackened by Dopa melanin Note the melanin granules m the cytoplasm of the llalpighian cells 
m fig 8 x383 


Plate 2 

Fig 9 Vertical section of pigmented skm of negro s scrotum to show the highly characteristic ‘ cappmg 
distnbution of melanin m relation to the basal layer cells of the epidermis Lightly stamed with 
Ehrhch s haematosylm x 383 

Figs 10,11 Vertical sections of spht’ pigmented scrota] skm hghtlv stamed with Ehrhch’s haematoxyhn 
and eosm The enzynuc sphttmg process was dehberately prolonged to the pomt at which cells had 
begun to separate from the epidermal sheet Dendntic cell processes can be seen still adherent to 
some of the Jlalpighian cells which are breakmg away Note also the almost complete localization 
of pigmentation to the level of the basal layer cells of the epidermis Fig 10, x383, fig 11, x383 

Figs 12, 14 Pigmented dendntic cells m pure pigmented epidermis of Indian s thigh skm stamed bv the 
Dopa method At the bottoms of the epidermal ‘valleys’ the dendntic cells though more sparsely 
distnbuted tend to have their branches spread out more m the horizontal plane Fig 12 x80 
fig 14, xl20 

Fig 13 \ITute dendntic cells of spht white (Caucasian) human skm The preparation has been stamed 
supravitally with methylene blue solution m Rmger JTote that the distnbution, size, number and 
mode of branchmg of the dendntic cells is just the same as with pigmented skm (compare with 
figs 12 and 14) x 150 
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OBSERVATIONS ON THE SNOUT OP VAUANV8 AND 
A COMPARISON WITH THAT OP OTHER 
LIZARDS AND SNAKES 


By a d’A BELLAIRS 

DepaHmeni of Anaiomy, London Hospital Medical College 


INTRODUCTION 

The family Varamdae comprises the single genus of monitor lizards which are ividely 
distributed throughout the tropical and subtropical regions of the Old World This 
genus includes the largest of all living lizards, the different species are conservatively 
modified in adaptation to terrestrial, partly arboreal and partly aquatic habits 
Vaianus occupies a somewhat isolated position among the living members of the 
order Sauna, it has generally been recognized as an ally of the extinct mosasaurs 
(Williston, 1925, Camp, 1923, 1940), and has also been regarded as related to the 
ancestors of snakes (Camp, 1923 , Romer, 1945) In spite of the interest of the group, 
however, no systematic investigation of the chondrocranmm of Vai anus has yet been 
made, although several studies of the bones and other cranial structures are available 
Kesteven (1940) has made some observations on the development of the skull m 

V vanus, but these are restricted to the base of the cranium Pratt (1948) has 
described and figured the nasal and vomeronasal organs of F monitor and V mloticus, 
his account, however, is necessarily brief as it forms part of a general survey of the 
nasal region tliroughout the Sauna It was therefore thought desirable to attempt 
a more detailed study of the anatomy of the snout in this genus, and to compare 
conditions present in Vaianus with those m other lizards and snakes Since no 
general description of the snout of any reptile is available, it was also hoped that this 
account might be of wider interest 

This investigation is principally based on serial sections through the nasal region 
of a juvenile example of each of the following species F monitor (Linn ), {sijn 

V bengalensis), V salvatoi (Laurenti) and F mloticus (Linn ) I am much indebted to 
MrC W M Pratt for the loan of his sections of F mZo/icM^, and also for opportunities 
for discussing my results with him The graphic reconstructions and most ol the 
sections figured are based on the specimen of F monitor, which was sectioned at 14/i 
and stained with haematoxyhn and eosin Tlus specimen measured approximatcij' 
240 mm from snout to tail-tip (head-length 25 mm ) and was obtained near IMeiktiia 
in central Burma Other Vaianus material included the head of an adult specimen 
of V salvatoi, a skull assigned to the same species, a juvenile skull of F monitor and 
another of F mloticus 1 am indebted to Jlr H W Parker and Dr Malcolm Smith 
of the British IMuseum of Natural History, and to Dr R E Rewell and the Zoological 
Society of London for the gift or loan of these latter specimens My thanks arc also 
due to Mr W Warwick James for the young specimen of Tupinambis iegmxin from 
which the sections shmvn in Text-fig 11 C and PI IB were prepared 
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TERAIIXOLOGY 

In a monograph on the snout of Crossopterj^gian fishes and lower gnathostomes in 
general, Jamk (1942) has pomted out the shortcommgs of the nomenclature usually 
emploj’'ed m descnbmg the structures m this region In partieular, he draws atten- 
tion to the fact tliat inadequate distinction is usually made between cavities and the 
structures, both skeletal and non-skeletal, which enclose them Smce Jamk s 
terminology seems to be an adi ance on an\ preruously used and may, with certam 
modifications, be applied to vertebrates in general, it has been emploj ed as far as 
possible throughout tlus account 

The endocranial skeleton of the nasal region is termed the nasal capsule Inside 
this he the nasal sacs uhich can be subdmded mto various regions, as descnbed b^ 
Beecker (1903) and Pratt (1948) Each nasal sac communicates with the outside by 
means of an anterior nasal tube openmg bj’’ an anterior external nostriL and with the 
mouth or pharjmx by an internal nasal or choanal tube The nasal and oro-pharjTigeal 
openings of each choanal tube are termed the inner and outer choanae respectn ely, 
following the usage of Bom (1879), who gave the first comprehensive description of 
this region m Sauria Both anterior and internal nasal tubes pass through fenestrae, 
first in the endocranial and then m the dermal skeleton , the fenestrae for the anterior 
nasal tubes are termed the fenestra endonarina anterior and fenestra exonanna 
anterior respectively, uhile those for the choanal tubes are termed fenestra endo- 
choanalis and fenestra exochoanahs respectively The postenor nasal tubes and 
posterior external nostrils of fishes are regarded b}’- Jamk as homologous inth the 
lachrjmial ducts and puncta of tetrapods In the case of Squamata the term 
lachrymal duct is preferable to the more familiar naso-lachrjTnal of mammalian 
anatomy', smce in the former group its anterior openmg is more closely related to the 
mouth than to the nasal sac m many forms 

Smce the %ariations m the saunan palate, uhich hav'e been almost entirely 
neglected in the English literature, appear of considerable importance m a general 
understanding of palatal morphology m amniotes, the termmology of this region has 
also recen ed some attention An attempt has been made to apply' the prmciples of 
Jarvik’s nomenclature to the palate, uhich may be defined as all those tissues vhich 
he betw een the nasal sacs above, and the mouth or pharynx below These tissues may 
be subdivided into 

(u) The floor of the nasal capsule, which is conveniently described bi the usual 
terminology' of the chondrocranium 

{h) The dermal skeleton, here called the bony' palate 

(c) The soft tissues ly ing between the bony palate and the oral and pharyngeal 
caiities, the term superficial palate lias been arbitrarily' applied to these 

The duct of Jacobson’s organ passes tiuough these palatal tissues in all adult 
Squamata, and opens into the oral cavity', its epithelium becoming contmuous with 
that of the superficial palate The fenestrae in the endocramal and dermal skeletons 
trav ersed by' this duct hav e therefore been called the fenestra v omeronasalis interna 
and fenestra v omeronasalis externa respcctiv elv 
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CONDITIONS IN VABANVS 
(1) Bones 

The skull bones of Varmim have been thoroughly descnbed by Bahl ( 1937 ) nitli 
speeial reference to the .nd.v.dual bony elements and nerve forannna and b ' 
M^tens (1942) who devoted much attention to mteispecifle variations The hmy 
skull has not, therefore, been treated m detail m the present account, although some 
attention has been given to cerlam features which have previously received little 
no ice No attempt has been made to make graphic reconstructions of tlie bones 
but these elements have been drawn m from a dried skull of another juvenile 
specimen, so that their relationship with the chondrocramum may be appreciated 
(Text-figs 1 A, 2 A and 3 ) The levels of the individual bones in tliese drawings have 
been checked as far as possible to correspond with those in the sections on which the 
reconstructions of the chondrocramum have been based, in some cases slight altera- 
tions m the outlines of these bones have been made The specific features of the bony 
skull described have been included with the accounts of the non-bony structures 
related to them, while the palate has been dealt with in the comparative section 

(2) Nasal capsule 

The general morphology of the saurian chondrocramum is now well known from 
the work of Born ( 1879 ), Gaupp ( 1900 ), Rice ( 1920 ), de Beer ( 1937 ) and others, it is, 
therefore, only necessary to describe m detail the features which are particular to 
this genus The reconstructions given (Text-figs lA, 2A and 3) agree m the mam 
with that of Pratt The nasal capsule is narrow and elongated, corresponding ivith 
the contours of the head As in aU living reptiles it remains unossified throughout 
life 

The unfenestrated nasal septum is low and terminates anteriorly in a flattened 
rostral process which is expanded into lateral wings These wings are upturned, 
especially in V salvator (Text-fig ID) and support the medial ethmoidal nerves and 
vessels In V momtoi the wings taper off behind into the central part of the rostral 
process, which widens out again further back as the lamina transversahs anterior 
The medial ethmoidal nerve and terminal branch of the ethmoidal artery run 

Legend to Text-fig 1 

Te-st fig 1 A Varanus monitor, subadult Keconstruction of chondrocramum (right), and bones of 
snout (left), seen from above (Bones in Te-ct figs 1 A, 2A and 3 drawn from dried skull ) Levels of 
sections in Text fi:ga 4, 5 and PI ID are shown B Xenopeltts Knicolor, subadulb Dorsal non of 
bones of front of snout (drawn from dned skull) Levels of some sections in Text fig 12 arc shown 
C Varanus salvator, subadult Reconstruction of part of snout showing relationship of ethmoidal 
nerves and vessels to the skeleton The mam nerve branches only are shown The nght half of the 
premaxillary bar has been removed In this species the medial ethmoidal nerve does not enter tlio 
premaxiUa before dividing into its terminal branches, as in V monitor, but runs forwards in a groove 
on the dorsal surface of tho hone A lateral branch passes domiwards through a largo foramen 
between the premaxiUa and maxdla, while medial branches run through a foramen between the 
premaxiUary bar and the lateral part of that bone The foramina for the cowcsponding neno 
branches are differently situated m F monitor, and studj of the figures shown by Mortens (m^ 
suggests that the precise relationships exhibited by the structures in this region arc lj“We to con 
siderablemterspemfic variation D,E V sahator Trai^vcrse sections through rostra^ 

premaxiUary bar at levels shown mC above F Tarentola manretamca, adult f ™ 

of front of^lout, drawn from a dried skuU The nasal and part of the 

one side to expose the septomaxiUa and bony palate Level of section m Text fig HB is shown 
(A,xl3, B,x5, C,xl2, D, E,xl0, F,x3 7) 
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forwards between the medial edge of the anterior cupola and the rostral process so 
that there is no distinct foramen apieale (Text-flgs lA, 2A. 3 and t A B) ’l„ 

themel ! “d ‘‘re sI'gMiy different The m ,’ngs join 

the medial edge of the anterior cupola behind, and the nerves and vessels pass through 

an elongated foramen apicale between the wings and central part of the rostral 
process (Text-fig IC-E) 

According to Pratt, the roof and sides of the nasal capsule are developed from tv, o 
morphologically distinct elements — a medial element, the dorsal plate, winch runs 
the whole length of the capsule roof on either side of the midhne, and a lateral 
element which includes the panetotectal and paranasal cartilages which are continuous 
with each other The line of junction betiveen these medial and lateral elements 
cannot be determmed accurately in the adult, but Pratt claims that it is indicated 
by the positions of the foramina for the branches of the ethmoidal nerve, and by the 
sites of the fenestrae superior and lateralis in those forms where they are present 
In Va7 mills these fenestrae do not occur and it is only possible to infei approximately 
what the relative extent of these different elements may have been in the embryo 
The labelling of the different regions of the capsule roof must therefore be regarded 
as provisional 

The front part of the capsule roof forms the large anterior cupola which lies above 
the curved part of the anterior nasal tube The cupola is continuous laterally with 
the processus alans superior, beneath winch the anterior nasal tube passes inwaid to 
reach the nasal sac A small projection from the cupola side wall beneath the 
processus alans superior is interpreted as an inferior alar process (Te\t-figs 3, 4D) 
The fenestra endonanna anterior curves round above tlus small projection, behind 
and beneath the processus alans superior (Text-figs 2 A, 3) 

Behind the anterior cupola the roof of the nasal capsule forms an uninterrupted 
coveiing for the elongated anterior chamber of the nasal sac Owing to the charac- 
teristic incompleteness of the dermal skeleton of the varanid snout, this part of the 
capsule roof, together with the cupola, is exposed in the gap between the maxilla 
laterally and the narrow premaxillary bar in the midline (Text -figs lA, 3 and 
4A-H) The nasal capsule is therefore covered dorsally only by skin and conncctnc 
tissue m this region 

The middle part of the tectum nasi is expanded both laterally and dorsally to 
accommodate the olfactory chamber of the nasal sac (Text-figs 4l-J, 5A,B) 
Behind this level the roof is continuous laterally with the dorsal wall of the capsule 
of the lateral lecess The foramen epiphaniale is situated in the transverse segment 
which joins the mam part of the roof of the capsule with that of the lateral recess 
(Text-figs lA, 5C) The sphencthmoid commissures arise from the free posterior 
borders of the capsule roof (Text-figs lA, 5D), the olfactory lobes project over the 

commissures into the fenestrae olfactoria , t ; 

Behind the region of tlie anterior cupola, the lateral wall of the nasal capsu c on y 
extends doivn as far as the upper part of the nasal septum No /ona 
present, and the cartilage of Jacobson’s organ and the whole length of the paraseptal 
Lrtilage are exposed in lateral view (Text-fig 3) Two processes project "'“i * 
from the free edge of the lateral wall The first of these, situated about on level w itl 
the tip of the lamina transversahs antenor, marks the termination of the lateral part 
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Te\t fig 2 A roranHS moHitor, subadult Beconstruction of chondrocranium (nght) and bones of snout 
(left), seen from bclon" Levels of sections m Te\t figs 4 5 and PI 1C D are shown A window has 
been cut m the lateral recess capsule to expose the nasal concha B Tarcniola maurtlamca, adult 
Ventral view of right side of bon\ palate showing paleochoanate condition (Drawn from dried 
skull) Level of section m Text fig 11 B is shown C Tiiptnamhts nigropunclata adult \cntral 
view of right side of bona palate showing incomplete neochoanate condition (Drawn from dried 
skull) Level correspondmg to section m Text fig IIC is shown (A x 13 B, x4 C x2 2) 
Anatomy 83 


fi 
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^hetc'lnd ptoctrsISfbatft thrievel oTtf 

capsule The duct of the nasal gland (Text 9^ 41 5ori I T ‘i'" 

process before entering the nasal sac ^ medially round tins 





Text fig 3 Varanus monitor, subadult Eeconstniction of chondro cranium (below) and bones of snout 
(above), seen from the side Outlme of roof of nasal capsule and lower edge of nasal septum is shoim 
by interrupted lines m upper drawing Levels of section m Text figs 4, 5 and PI ID are shoivn 
The prefi’onto maxiUary contact in the specimen drawn is unusual, m most specimens of V monitor 
the contact runs obliquely downwards from m front, and the maxilla sends up a spur which articulates 
also with the frontal and tip of the supraorbital ( x 12 ) 

The posterior third of the lateral wall is modified in relation to the conchal 
infolding and the formation of the capsule of the lateral recess The morphology of 
tins region was found to differ considerably in the three species of Varamts examined 

*This structure, which is present in many other lizards (see later) has usually been termed the cavum 
extra conchale or extra conchal recess Since the nasal concha extends into it in V monitor, however, the 
term lateral recess has been thought more appropnate 
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In V Salvator the lateral recess capsule is joined -with the lateral -(vall of the mam 
nasal capsule, and the concha is not continued round mto the recess (Te-rt-fig lOA) 
In V niloitcus conditions appear to be mtermediate between those m V salvaior 
and V monitor, the lateral recess is more e-s.tensive than in the former species 
and its anterior part is cut off from the rest of the nasal sac bj a separate medial 
■vs all 

In V monitor the lateral recess reaches its greatest des elopment, and is completely- 
cut off from the rest of the nasal sac for most of its length by a separate medial wall 
and floor (Text-figs 41, J, 5A,B and 10B,C) The extent of the concha inside the 
mam part of the nasal capsule is relatis’-elj small, it continues laterally-, however, and 
runs doss-n most of the length of the lateral recess capsule, to the medial wall of 
which it is attached (Text-figs 4l, J, 5A,B and lOB) As the roof of the recess 
capsule is only partly complete the anterior part of the concha is exposed from above 
(Text-fig lA) 

The lateral recess capsule may be regarded as a contmuation of the main nasal 
capsule bent round laterally , so that the medial -naU of the former is contmuous -with 
the lateral u all of the latter, which m this region is dern ed from paranasal cartilage 
It therefore seems probable that the greater part of the recess capsule is of paranasal 
origin, -with perhaps a dorsal plate contribution to the region behmd the foramen 
epiphaniale The relations of the paranasal cartilage and concha to the nasal sac m 

V Salvator and monitor are shown diagrammaticaUy m Text-fig 10 A, B 

The floor of the nasal capsule, m contrast -with the roof, is very’^ mcomplete 
Anteriorly', three small nodules of cartilage he beneath the front edge of the anterior 
cupola (Text-figs 2 A, 4 B) Tow ards the midlme the rostral process sweeps backw ards 
and laterally to become continuous -with the lamma transversahs antenor The latter 
structure does not join the parietotectal cartilage to form a zona annulans, but runs 
backwards for some distance to a free posterior tip The cartilage of Jacobson’s organ 
projects upwards from the lamma transversahs (Text-figs 4D,E, 9A) 

Pratt has stated that paraseptal and ectochoanal cartilages are absent m Varanus 
Examination of further material, however, indicates that these are present m the 
usual saurian position Both cartdages are more extensive in V monitor than m 

V Salvator and V niloticus Near its root the paraseptal cartilage is much swollen 
and fragmented to form a cartilaginous network through which the vomeronasal 
nerv'e bundles pass on their way baekwards from Jacobson’s organ (Text-figs 3, 9B) 
The ectochoanal cartilage is directed medially- and extends beneath the sw ollen part 
of the paraseptal, partly' enclosmg the fenestra v omeronasahs mterna (Text-fig 9 A) 
Abov e the ectochoanal cartilage and lamma transv ersalis anterior, the side w all of 
the nasal capsule is bent round and lies beneath the lateral part of the antenor 
chamber of the nasal sac (Text-figs 4 F, G) so that the floor of the capsule is duplicated 
in this region 

Behind the level of the ectochoanal cartilage, the floor of the nasal capsule is 
absent, so that the fenestra endochoanahs is v ery' extensiv e In the complete skull, 
however, this vacuitv is partly closed bv the vomer and the palatal process of the 
maxilla The floor of the lateral recess capsule is continuous with the paranasal 
cartilage, the interpretation of this region has alreadv been discussed The lateral 
recess capsule lies against the concav e inner aspects of the maxilla and prefrontal, and 
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rTS-fi^tlTsA projecting maxillary shelf by the lachrymal ducts 

The postnasal Avail (Jarvik 1942 planum antorbitale, other Avriters) passes from 
the transverse segment connecting the capsule of the mam nasal sac Avith that of the 
lateral recess to the edge of the nasal septum It is in contact Aiuth the latter, but is 
not fused AVith it Near the septum its loAver edge is continuous ivith a small anteriorly 
directed process, which, by analogy with other forms, probably represents a detached 
caudal rudiment of the paraseptal cartilage (Text-figs 2A, 5E) The anterior face of 
the postnasal Avail is slightly folded, aceommodatmg small extensions from the 
antorbital space of the nasal sac Behind the postnasal Avail the prefrontal sAvings 
medially to form a rigid bony wall at the back of the nasal capsule (Text-fig 6) 


(3) Nasal sac 

My reconstruction of the nasal sac of V 'nionttov (Text-fig lOD) agrees closely with 
those shown by Wegner (1922) and Pratt (1948) The anterior external nostiil is longer 
and situated relatively farther forward in this species than in V mlohcus and V salvato) 
(Text-fig 10 A, B) The anterior nasal tube is also more elongated and curved in 

V monitoi It IS possible that these differences have an adaptive significance, for 

V monitoi IS a partly deserticolous form, whereas the other turn species haAC 
amphibious tendencies (see Wegner, 1922 Mertens, 1942) 

The anterior nasal tube passes medially to become continuous Avith the A'ery 
elongated anterior chamber of the nasal sac The latter is partly surrounded by 
spongy sinusoidal tissue (Text-fig 4G-I) Bruner (1907) has shoAvn that this tissue 
is present in many lizards, and suggests that its intumescence provides a mechanism 
for closing the nasal passages AAuthout interfering Avith the other functions of the 
head The anterior chamber leads backwards into the olfactory chamber, the point 
of entry of the nasal gland duct indicating the region of transition betAveen the tAVO 
The most anterior part of the olfactory chamber is known as the anterior space 
(Beecker, 1903), and extends ventrally, coming into relationship Avith the front of 
the choanal groove (Text-fig 41) The anterior space passes back into the conchal 
zone which is divided by the projecting concha into dorsal and ventral parts 
(Text-figs 4 J, 5 A, B) The ventral part of the conchal zone leads doAvnAvards through 
the opening of the inner choana into the choanal tube, Avhich communicates AAutli the 
mouth at the outer choana (Text-fig IOC) Behind the choanal region the nasal sac 
ends in a small blind pocket, the antorbital space (Text-fig 5D,E) 

The lateral recess of the nasal sac communicates posteriorly with the mam 
olfactory chamber (Text-fig 5A,B) and may be regarded as a continuation of it 
The variations in the extent of the lateral recess in the different species of Vaiamis 
studied have already been described, it seems possible that these may also be related 


to differences m habits 

The antenor chamber is Imed by squamous stratified epithelium a Inch continues 
back on to the root of the anterior space The floor of the latter, houever. is cot cred 
by ciliated epithelium of respirator,- type and this extends backu ards over the , a K 
X venJl conchal zone to the region ot the choana tube Here the resp, ators 
ep,thehum is replaced by the stratified squamous epithelium of the palate (Text- 
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fig 10 C) The sensory olfactory epithelium of Varanus is more limited in extent than 
in many other lizards It is apparently confined to the dorsal surface of the conchal 
projection and to the roof and medial wall of the conchal zone, giving vay to res- 
piratory epithelium medially, above the inner choana (Te\t-fig 10 C) The olfactory 
fibres arise from the sensory cells of the olfactory chamber and pass medially until 
they reach the side of the nasal septum They become arranged into fibre bundles 
which run back dorsal to the vomeronasal nerves to enter the tip of the olfactory 
bulb (Text-figs 41, J, 5A,B) 


fr 



Text fig 6 Varanus nihitcuSj subadult Transverge8cctionofbonyBnoat]uBtinfrontoforbits,Beenfroni 
behind (Drawn from a dried skull ) The canal for lachrymal duct 2 penetrates the lachrymal bone , 
that for I d 1 passes between the lachrymal and prefrontal Cf Text fig 5E,F for relationships of 
non bony structures The jugal is miesmg on the nght side ( x 6 ) 

The appearance of the epithelium Iming the lateral recess (PI ID) varies con- 
siderably in different places At the tip of the concha there is a small patch of 
respirator}^ type epithelium containing mucous cells The remainder of the recess is 
lined by epithelium of transitional tj^ie nhich on the dorsal surface of the concha 
approaches sensory olfactory epithelium in appearance The sensory nature of this 
area might be expected if the dorsal part of the recess is regarded as a continuation 
of the mam dorsal conchal zone No nerv’^e fibres v ere, however, obsen ed to arise 
from the epithelium of this or any other part of the lateral recess 

(4) Organ of Jacobson 

The vomeronasal organs (Text-figs 4D,E, 8, PI IC) are relatively larger than m 
most lizards Experimental emdence based on other squamate types (e g Noble <L 
Kuinpf, 193C) has shovn that odorous particles are eon\ eyed to the duct of Jacob- 
son’s organ or to the neighbouring parts of the palate bj the tips of the tongue The 
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the beha4u^^^^ vomeronasal sense plays as important a part in 

he behaviour of these lizards as has been shown to be the case in snakes 

usual morphology the vomeronasal organs of Vaiamis conform to the 

dll Wd h ^ dorsal 

the him ^ epithelium, and a mushroom body which is invaginLd into 

he umen from in front and below This structure is covered by non-sensory ciliated 
pithehum beneath which is a layer of rather dense connective tissue This is 
suppor e y t e cartilage of Jacobson’s organ which projects upwards and back- 
war s from the lamina transversahs anterior The cartilage in turn rests on the 
vomerine concha which is carried on a stalk from the dorsal surface of the vomer 
(Text-figs 7, 8 and 9) 
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Text Gg 7 Varanw mhhctts, subadult Antenor part of bony snout m transverse section seen from 
behind, showing chamber for Jacobson’s organ (Drawn from a dried skull ) The vomermo conclia 
(110 c ) supports the mlishroom body of Jacobson’s organ Cf PI 1C and Text figs 4E, 8 for rela 
tionships of non bony structures ( x 6 ) 


The spiral duct of Jacobson’s organ (Text-figs 8, 9) has a crescentic opening into 
the lumen beneath the posterior part of the mushroom body, and passes downxvnrds 
and forwards to lead into the mouth The lachrymal duct opens into its medial aspect 
as it traverses the tissues of the superficial palate The existence of a ciliary mechanism 
by which odorous particles are carried into the lumen of Jacobson’s organ along the 
lateral aspect of its duct, over the mushroom body and back into the mouth dovn 
the medial aspect of the duct has been suggested by Pratt The direction of tins 
one-way circuit is indicated by arrows in Text-fig 8 A Since the duct of Tacobson’s 
organ is lined by stratified epithelium, it xvould seem that odorous particles vould 
have to be inserted into the lumen of the organ by the tongue tips before they could 
come under the influence of the cilia on the mushroom body 

The vomeronasal nerves are more numerous than the olfactor^’^ ner\ es Their fibres 
arise from the sensory epithelium of the dorsal dome of Jacobson’s organ and pass 
back over the concave upper surface of the x’-omer, betneen this bone and the 
septomaxilla In this part of their course the fibres traverse the cartilaginous 
network formed by the swollen fragmented parts of the paraseptal cartilage (Icxt- 
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figs 4F, 9B) The nen^es then beeome arranged into se\ eral large bundles -w hich run 
back along the side’of the nasal septum to reach the accessorj- olfacton' bulb The 
% omeronasal nen es, especially near their ongm from Jacobson s organ, are richh 



Text fig 8 A I araiius monitor, subadult Reconstruction of right organ of Jacobson 'cen in transverse 
section from behind Lex el of section shou-n in Tevt-fig 9B D Arroxrs indicate probable direction 
of fiow of particles B I vionitor Reconstruction of cartilagmous capsule and duct of Jacobson s 
organ seen m transverse section from bchmd Level of section as m Text fig 8A level also shown 
ui Text fig 9 A Some bones are mcluded The lachrymal duct f rf figured is (1 d ) 2 (A B, x50) 
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Text fig 9 A Varanm 7nonitor, Bubadult Eeconsfcruction of cartilaginous capsule of Jacobson’s organ 
seen from above after removal of roof of nasal capsule (cut edge shown) B V monxlor Recon 
struction of nght organ of Jacobson and cartilaginous capsule seen in honzontal section from above 
at level shown in Text fig 8 A The mushroom body is shown intact C V momlor Reconstruction 
of nght organ of Jacobson seen in longitudinal section from lateral side Level of section bIiouti 
m Test fig 8 A Cartilage not included D F monitor Reconstruction of right organ of Jacobson 
seen m honzontal section from above at level shown in Text fig 8 A Cartihgc not included (All /' 21 ) 


blood-vessels This investment consists of an inner cartilaginous and an outer bony 
capsule (Text-figs 7, 8 and 9) The cartilaginous capsule is incomplete dorsallt 
Its floor is formed by the hollowed posterior edge of the lamina transversahs anterior 
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its projecting cartilage of Jacobson’s organ, and farther back bj^ the paraseptal 
and ectochoanal cartilages which extend postenorlv from the lamma The latter 
cartilage projects downwards outside the bonj capsule, passmg between the lomer 
and the palatal process of the maxilla, and commg to he m the superficial palate 
(Text-fig 4E,F) The medial wall is formed bi the nasal septum, while an mcom- 
plete lateral w all is proAuded by the free lateral extension of the lamma transi ersalis 
anterior 

The bony capsule (Text-fig 7) is more complete, and encloses the organ of 
Jacobson and its cartilaginous capsule The septomaxiUa arches across the dorsal 
dome of the organ, separatmg it from the floor of the nasal sac Laterall} the septo- 
maxilla is in contact ivith the vertical part of the maxilla, but mediallj and m front 
there is a gap betw een the septomaxiUa and the dorsal surface of the vomer w hich is 
occupied by the nasal septum and the lamina transversalis anterior These pass 
fonvards out of the bonj’' capsule to become continuous with the rostral process At 
the posterior aspect of the bony capsule there is also a small \acmtj between the 
septomaxiUa and i omer through which pass the vomeronasal neiw^es 

The floor of the capsule is formed by the lateral extension from the vomer and the 
palatal process of the maxiUa the duct of Jacobson’s organ passes down between 
these structures (Text-fig 8B) tlirough the fenestra vomeronasalis externa Posterior 
to this level the lateral margin of the vomer and the maxillarj palatal processes come 
into apposition so that the fenestra vomeronasalis is completely separated from the 
fenestra exochoanalis This feature will recen e further attention w hen the palate of 
Varanus is compared with that of other tj'pes 

(5) Lachrymal apparatus 

V Miomlor (and also probably V salvator and V though the condition of 

the sections in this region made it impossible to confirm this wuth certamty) differs 
from all other lizards exammed m that there are tw o separate lacbrjunal ducts on 
each side Each duct arises at a separate punctum from the medial aspect of the 
lower e 3 ^elid, the punctum for the upper of the tivo ducts (lachrjmial duct 1) is 
placed considerablj^n front of that for the lower duct (1 d 2){Text-fig oF Bellairs & 
Bo^ d, 1947) / d 1 IS wader and much shorter than Id 2, it passes forward to enter 
the snout through a foramen between the prefrontal and lachrjTnal bones (Text- 
fig 6) and passes into an elongated gutter wluch opens into the \ entral conchal zone 
of the nasal sac, aboi e the inner choana (Text-figs 4I-J, oA-F, PI ID) From its 
origin to about the level where it enters its bonj canal, / d 1 is lined bj stratified 
epithelium w luch is continuous w ith that of the palpebral conjunctn a , in the anterior 
part of its course, how ei er, its epithelium is of ciliated respuaton tj’pe, similar to 
that of the ventral conchal zone into w hich the duct opens 

Lachrj nial duct 2 passes back beneath the punctum for / d 1 (Text-fig 5 F) and 
enters the snout tlirough a foramen m the lachrjTnal bone (Text-fig 7) It then runs 
forw ards on the inner surface of the a ertical part of the maxilla, restmg on the bonj 
shelf formed bv the maxillarv palatal process (Text-fig 4H-J) In tlus situation it 
reaches a level i little posterior to Jacobson s organ (Text-fig 4H), and then cun es 
sharplj inw ards and downw ards, passing transi erselj across the conca\ e posterior 
border of the septomaxiUa to open into the medial aspect of the duct of Jacobson s 
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Text fig 10 A, B Diagrams showing horizontal section of nasal sac in (A) Varanus sahalor (plane of 
section shown m Text fig 11 D), and (B) V monilor (plane of section shoirn in Text fig o A) (Parti) 
based on personal commumcation from C W M Pratt) Conditions in these tno species illustrate 
the development of the lateral recess and the corresponding changes m the concha and paranasal 
cartilage (stippled) C F monitor Diagram showmg different tj^pes of epithelium lining nasal sac 
etc , at level of Text fig 4J Stratified epithelium of palate shown m thick black lines, sensor) 
epithelium over dorsal conchal zone {dcz}m dots, ciliated epithelium with mucous cells (respirator) 
type) over ventral conchal zone (vcz), upper part of choanal tube, tip of lateral recess concha and 
lachrymal duct 1, shown by interrupted lines, transitional epithelium with cilia but few mucous cells 
over most of lateral recess, shown by mtemipted luics and dots, columnar non ciliated epithelium 
(Id 2 only) in double lines D, E Diagrammatic reconstruction of nasal sac, organ of Jacobson and 
lachrymal ducts seen from below in (D) V monitor and (E) Xenopeltis unicolor Extent of choanal 
tube is indicated by slantmg hnes, conchal zone (co z ) showm b) slanting lines and dots I^jvcls of 
some sections in Text figs 4, 5, 11, and 12 and in PI 1 A,C,D are shown 
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At one point in its course, below the anterior opening of the upper duct, I d 2 
communicates mth the i entral concha! zone by means of a short transverse channel 
(PI ID), this channel has a small tortuous dnerticulum leading from it In this 
region a small invagmation of epithelium and connectne tissue projects into the 
mam lumen of the duct The significance of these features is obscure 

In the anterior part of its course I 3 2 is lined by stratified epithelium Around 
the lei el of the front of the lateral recess this is replaced by columnar non-ciliated 
epithelium w hich becomes continuous mth the respiratory epithelium of the ventral 
conchal zone at the transverse communication (PI iD) In the posterior part of its 
course behind the lachrjTnal foramen, the epithelium again changes to the stratified 
tj^ie, as in the posterior part of Z d 1 

The curious relationship of the tw o lachrj'mal ducts to the prefrontal and lachrymal 
bones (Text-fig 6) was first described by Mertens (1942), and is apparently constant 
for all species of Varanus In all species the upper duct (I d 1) is wnder than the 
low er, but the relative disparity m size of the tw o ducts y anes considerablj' 

(6) Glands and teeth 

The nasal (lateral nasal, Fahrenholz, 1937) gland is smaller than m manj lizards and 
is situated in the aditus conehae, between the paranasal cartilage and the medial wall 
of the lateral recess capsule Its duct leads forw ards, hooking medially round the 
posterior of the two projections from the capsule roof, to open into the nasal sac 
around the level at w hich the anterior chamber becomes continuous with the anterior 
space (Text-figs 41, J, 5A,B and lOD) Its acini are mainly mucous m character 

The distribution of the palatal glands follows the usual saurian pattern (Fahren- 
holz, 1937) A median vomerine group of glands lies along the lower border of the 
y omenne cushion, yvhile the more scattered acini of the palatine group are situated 
farther laterally (Text-fig 41) The superior labial glands are represented onlj’’ by 
a feyy isolated acmi along the medial aspeet of the dental lamina The glands of the 
palate appear to be mainly serous in character 

The pleurodont teeth of Varanus xary in appearance, depending on the age and 
species of the individual In many cases they are sharp and recury^ed in mature 
specimens, particularly of V niloticus and V exanthematus, thej maj^ be blunt and 
rounded (Jlertens, 1942) It is possible that the diet, which ranges from small 
y ertebrates to insects and crabs (Cowles, 1930), may also be associated w ith the form 
of the teeth No study of the histology or mode of tooth succession yyas made, 
a reyneiv of the reley'ant literature is giyen by Peyer (1937) 

(7) Nerves 

The topography of the cranial nery^es has been described by' Fischer (1852) in Varanus 
hengalensis and by AVatkinson (1906) m V hivitlaiiis, y\ hile Bahl (1937) has enumerated 
the nery c foramina in the bony' skull of V momior A more detailed account of the 
cranial nenes of a lizard has been giyen by Willard (1915) for the iguanid Anohs 
carohuensis "Mj owm findings largely confirm those of the w orkers cited but in the 
absence of selectively stained material it has not been possible to iny estigate the 
distribution of nen e endings, or ganglionic connexions The follow mg account is 
based mamlj on serial sections of V monitor 
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tee sources the ophthalmic and maxillary divisions of the trigeminal, and the 
palatine branch of the facial nerve The two branches of the fifth nerve probably 
carry fibres which are mainly somatic sensory in nature, the extensive communica- 
lon etween these two nerves and the palatine nerve, however, renders it likely that 
some autonomic fibres are also distributed with the t^^o trigeminal branches The 
palatine nerve is probably composed m the mam of pre- and post-ganghonic para- 
sympathetic fibres which are distributed to the glands and blood vessels of the snout 

Sympathetic and visceral afferent fibres may also be present (Willard, 1915, Adams, 
1942) 

The ophthalmic nerve passes along the medial aspect of the orbit on either side of 
the mterorbital septum, and enters the snout through the orbitonasal fissure, behvcen 
the septum and the sphenethmoid commissure (Text-fig 5F), where it becomes the 
ethmoidal nerve As it lies m the fissure it possesses a swelling in which many 
ganglion cells can be seen This swelling corresponds %vith the ethmoidal ganglion 
described by Willard m Anolis, and communicates ^vlth the palatine nerve by a band 
of fibres which runs vertically downwards behind the postnasal wall (Text-fig 5E) 
Slightly anterior to the ethmoidal ganglion the nerve divides into its lateral and 
medial rami (Text-fig 5D) The lateral ramus passes forwards beneath the roof of the 
nasal capsule for a short distance, and then leaves the capsule through the foramen 
epiphaniale (Text-fig 5C) It then breaks up into numerous branches among the 
acmi of the nasal gland (Text-fig 5B, etc ) and probably supplies the latter (sec 
Gaupp, 1888) as well as the skm and tissues of the snout 
The medial branch of the ethmoidal nerve passes forwards at the side of the nasal 
septum where it is closely related to the olfactory and vomeronasal nerves (Text- 
figs 4, 5 A-C) It enters a groove along the medial edge of the septomaxilla and runs 
forwards in this situation (Text-fig 4D-G), escaping through a foramen at the front 
of the bone (Text-fig 4B, C) Anterior to this level it lies between the rostral process 
and roof of the nasal capsule (Text-fig 4B), and in front of this again, betucen the 
rostral process and premaxilla, the slightly different condition in V salvaioi lias been 
described The nerve then enters the posterior premaxillary foramen (of Bahl) and 
divides into dorsal and ventral branches which emerge from the dorsal and ventral 
premaxillary foramma respectively (Text-figs 1 A, 2 A) to supply the tip of the snout 
No branches suppl 3 nng the nasal sac or the organ of Jacobson could be identified, 
although the existence of such branches seems probable 

The maxillary nerve passes along the ventrolateral aspect of the orbit and enters 
the snout through a canal in the palatine bone (Text-figs 5F, 6) During its course 
through the orbital region it has two principal communications uitli the palatine 
nerve one near the back of the orbit and another just anterior to the orbit After 
the nerve has left the palatine canal (Text-fig 5E) it enters the maxillary canal after 
giving off several small branches which are probably distributed to the glands and 
epithelium of the palate At intervals teughout its course in the maxillary canal 
the nerve supplies the teeth, and also sends branches laterally vhich pass througi 
small foramma m the bone and are distributed to the side of the jau A feu rariii 
also pass medially through the palatal process of the maxilla to r^ch the pala c 
One mther large branch emerges from the easily recognizable anterior maxdlarj 
foramen (Bahl) which lies lateral to the fenestra vomeronasalis externa (I 
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fig 2 A) Another large branch also passes upw ards and medially through a foramen 
m the dorsal aspect of the maMlla (Text-figs 1 A, 4E), and is apparenth distributed 
to the anterior nasal tube The main ner\ e trunk finalty escapes through a foramen 
near the anterior extremity of the maxilla and breaks up into branches m the 
superficial tissues of the snout 

The palatine branch of the facial nerve leaves the parabasal canal and passes 
forwards beneath the orbit at first medial to the pter 5 ^goid and then dorsal and lateral 
to it In this situation, a little behmd the midorbital region, it communicates -mth 
the infraorbital (maxillary) nerve, and bears a siveUmg contammg ganglion cells 
This si\ ellmg corresponds in position with the palatine ganglion in Anohs, and with 
the sphenopalatme ganglion figured by Adams (1942) m Lacerta vindis Anterior to 
this level the nen^e contmues above the palatine bone, sending branches to the 
superficial palate At the front of the orbit the nerve swings medially and enters the 
snout near the lower edge of the interorbitonasal septum (Text-fig 5F) In this 
situation the nerve cames another ganglionic swelling ■which is connected inth both 
the ethmoidal ganglion above and the maxillary nerve laterally, a small bundle of 
fibres ]oms the maxillary nerve and passes ■with it into the maxiUarj’’ canal (Text- 
fig 5E) This anterior ganglion probably corresponds with the structure described 
by Haller v Hallerstem (1937) in Aiigms fragihs After gmng off several lateral 
branches to the superficial palate the mam trunk of the nerve passes forwards above 
the vomeropalatine articulation (Text-fig 5A-D) and then over the concave upper 
surface of the vomer (Text-fig 4G— I) In the region of Jacobson’s organ it becomes 
completely enclosed m a canal m the medial part of the vomer, from which it sends 
at least one branch downwards through the bone to reach the superficial palate 
(Text-fig 4G), probably suppljang the palatine glands and epithelium (Gaupp, 1888) 
Anteriorly the nerve leai es the vomerine canal and breaks up into fine branches m 
the premaxillarj' region of the superficial palate 

No fibres from the trigemmal (or facial) nerve supplying Jacobson’s organ could 
be identified, nor have any been described by Watkinson, nor by Willard m Anohs 
It seems likely, however, that Jacobson’s organ receives some sensorj trigemmal 
innervation, it is unfortunate that m Anohs, the only form of which selectively 
stained preparations have been studied, the organ of Jacobson is smaller and less 
conspicuous than m most lizards The nemis terminalis could not be identified in 
Varanus 

(8) Blood vessels 

The vascular s) stem of V Psamniosaurus") griseus was studied by Corti (1847), 
but he hardly deals wnth the i essels of the snout Subsequent descriptions of the blood 
supply of the snout in lizards have been given by Bruner (1907), w ho dealt onl} w ith 
the veins, and bi Hafferl (1933) in the Bolk Handbook, while O’Donoghue (1920) 
has described the condition m Splienodon 

The arterial supply of the snout is derived from three main i essels w hich all stem 
ultimateh from the internal carotid the supraorbital, infraorbital and palatine 
arteries 

The supraorbital arteri in Varanus seems to be smaller tlian m Splienodon It 
arises from the temporal arten behind the orbit and passes forw ards aboi e the e\ e, 
Ijing nt first lateral to the taenia margmahs and then running downwards and 
medinlh on the lateral aspect of the downgrowth from the frontal bone It enters 
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Te\t jSg 11 A Xenopeltis xinicolor, svihuiaW, Transverse section through orbital region at level indicated 
in Text figs 10, 13, showing ductus nasopharyngeus B Tarenlola mauretanica, adult Transverse 
section of snout through posterior part of Jacobson’s organ at level indicated in Tc\t figs 1 F, 2B, 
showing paleochoanate type of palate C Tupinambis ieguixin, subadult Transiersc section 
through snout behind Jacobson’s organ at level indicated in Text fig 2C, showing incomplete 
neochoanate type of palate D Varanus sahalor, subadult Transverse section through snout at 
level corresponding with that shown in Text fig 4 J of F monitor The lateral recess is not closed off 
in V Salvator, and Idl is not seen at this level Plane of Text fig lOA shown (A, x 13 5, B, x 18, 
C, X 7, D, X 9 ) 

and maxillary arteries (Text-fig 5E,F) Some of the dorsal brandies appear to 
supply the tips of the olfactory bulbs as well as the olfactory nerves A large branch 
on each side passes forwards to enter the septomaxillary canal vith the medial 
ethmoidal nerve, and is distributed with it (Text-fig 4F) 

The infraorbital artery also arises from the temporal artery and runs forwards on 
the ventrolateral aspect of the orbit, near the infraorbital (maxillary) nerve At the 
front of the orbit it receives anastomotic connexions from the palatine and etlimoid.il 
arteries and enters the maxillary canal xvith the maxillary nerve, being distributed 
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•n ith it to the teeth, s, palate and sides of the snout and, through its dorsal branch, 
to the spongj tissue around the anterior chamber of the nasal sac 

The palatine artery arises directly from the internal carotid and passes along the 
roof of the mouth near the palatine ner\ e In the snout it sends numerous branches 
to supply the palatine glands and epithelium A large branch on each side runs 
foniards to enter the i omerine canal ivith the palatine nerve This sends man} large 
branches to supply the organ of Jacobson and vomeronasal fibre bundles (Text- 
fig 4G, etc ) 

The complicated system of venous smuses m the saurian head has been thorough!} 
described by Bruner (1907) in Lacerta agibs and other forms it vas not possible to 
make any critical investigation of these structures in my ovn material Bruner’s 
observations shov tlxat almost all the i enous dramage of the snout passes through 
an extensne series of nasal and palatine veins into the large orbital smus (Text- 
fig 5F), and ultimately into the internal jugular vems 

COMPARISON WITH OTHER LIZARDS 
A detailed sun ey of the saurian snout and the extensn e hterature concerned v ith 
it IS beyond the scope of this account, it is only possible, therefore, to touch on those 
features uhich seem relevant to the affinities of Varanus, or appear of general 
morphological interest 

The curiously incomplete condition of the dermal skeleton of the ^aranld snout 
does not seem to occur m other In ing lizards In most forms the fenestra exonarina 
anterior is relativel} small, and is bounded medially and in front by the premaxilla, 
and laterally by the maxilla nhich conceals the septomaxilla almost entirely Such 
a condition is present m the gecko Tarentola mauretamca (Text-fig 1 F) In Varanus 
the maxiUa does not conceal the septomaxilla in this way and the greater part of the 
latter bone is exposed in the huge fenestra exonarina u hen the nasal capsule has been 
removed (Text-fig 1 A) The only forms nhich seem to approach the varanids m this 
respect are the Cretaceous mosasaurs This region lias been clearly described and 
figured by Camp (1940) in Kolposaurus, uhere the long slender premaxiUar}’- bar and 
the exposed septomaxillae are higlily reminiscent of the varanid condition The 
septomaxilla is, hou ever, narrou er and more elongated m the mosasaur, and it may 
be supposed that the bon}^ chamber for Jacobson’s organ nas less spacious in the 
sea lizard than in Varanus 

The palate of Varanus is remarkable for the completeness of both its bony and 
superficial components In an extensive stud} of the bon}" palate of Sauna, Lakjer 
(1927J has shown that three mam varieties ma} be distinguished In the first t-vpe 
the palate is only complete as far back as the anterior margin of the fenestra 
^ omeronasalis externa vluch is confluent inth the fenestra exochoanahs This t} pe 
(called b} Lakjer paleochoanate) is present m forms such as agamids, iguanids and 
geckos (eg Tarentola, Text figs 2B, llB) It is regarded as the most pnmiti\e 
^ arieh of saurian palate, and approximates to the condition m Sphenodon and the 
earlv eosuchian reptiles An adi ance on this tv pe of palate is shown b} the incom- 
plete neochoanate condition u Inch occurs m forms such as skinks, lacertids and 
tends (eg Tupinanibis Text-figs 2C, llC) Here the fenestra v omeronasahs 
externa is parti} cut off from the fenestra exochoanalis bv the palatal process of the 
Anatomy 83 10 
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the lateral margin of the vomer (TcM- 
S complete neochoanate condition is found only m the genus 

m anm where the palatal process of the maxilla is still more extensive, and acLlh 
ontacts the vomer for a short distance behind the fenestra vomeronasalis, separating 
It from the fenestra exochoanalis (Text-figs 2 A, 4E-G) ^ 

These variations correspond more or less closely ^v^th the condition of the super- 
ficial palate, which forms the subject of a most extensive German literature (see 
liarge, 1937, for review) In the paleoehoanate and incomplete neochoanate forms 
the choanal tube is continuous anteriorly with a long choanal groove wluch passes 
upwards towards the nasal sac, separating the median vomerine part of the palate 
(vomerine cushion see Text-fig liB) from the lateral maxillary portion In 
many forms the laclirymal duct discharges into the choanal groove, but in others, 
such as Vaianus (PI 1C) and Tuptnanibts (PI IB) it opens directly into the duct of 
Jacobson’s organ These relationships are to a large extent dependent upon the 
degree of fusion between the frontonasal and maxillary processes during ontogenj'’ 
It IS hoped that some accomit of the embryological processes involved, togctlicr with 
the numerous variations in this region which occur throughout the Sauna, mil be 
given in greater detail elsewhere 

Pratt (1948) has suggested that the presence of these choanal grooves provides 
a mechanism for the filling of Jacobson’s organ, and that particles deposited in them 
by the tongue tips are carried forwards by ciliary action into the lumen of the organ 
In Vaianm these choanal grooves are relatively short, and do not extend forwards 
to reach the duct of Jacobson’s organ It is, therefore, assumed that the particles 
are inserted inside the orifice of the duct, or actually into the lumen of the oigan 
This mechanism, which probably also occurs in snakes -where the anatomical rela- 
tionships are very similar, is reputed to be more effective than the method w'lncli is 
dependent on the action of cilia in the choanal grooves It may be noted that tlic 
long retractile tongue of Vatanus, Avhich has been regarded as suggesting affinities 
with snakes, is also present in the large American tend Tupinarnhs Although the 
bony palate of this form is incompletely neochoanate, the morphology of the super- 
ficial palate, with short choanal grooves and the lachrymal duct opening directlj 
into the duct of the organ of Jacobson (PI IB) approaches the varanid condition 
A rather similar state is also present in some of the Amphisbaemdae, a group of 
specialized burrowing reptiles usually classified with the Sauna 

The general appearance of the nasal capsule, ivith its elongated form, incomplete 
floor and (in Vaiamis momtoi) enormous lateral recess bears a certain resemblance 
to the condition m Ewneces quinqiiehneahis as described by Rice (1920), and periiaps 
also to that in certain agamids (e g Aga?f}a abicolhs, Pratt, 1948) It ivould be rash, 
however, to suggest that these features have any great systematic value in view of 
the striking interspecific differences wnthin the genus Varanus 

The long rostral process AVith its lateral wings extending forward of the nasal 
cupola, and the low anterior part of the nasal septum are unusual Tlic absence ol 

. It may be noted that the smaU ‘secondao^ palate’ formed m th.s .aj differs 
crocodiles and in mammals In these forms the secondarj palate is dern cd ent.re > , 

(miiUae, palatmes, etc ) which fuse in the m.dimc, displacing the vomers upwards in relation to the 

septum 
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a discrete foramen apicale in V monitor and the relationships of this foramen in 
V Salvator are also noteworthy 

Another feature of interest is the disposition of the paraseptal cartilage and the wa\ 
in nhich the ectochoanal cartilage runs backirards and medially to extend beneath 
it In many lizards (e g Lacerta agihs, Gaupp, 1900, Eumeces quinquelineatus. Rice, 
1920) the ectochoanal cartilage projects baeloiards and outwards Its mward direc- 
tion in Varanus almost encloses the fenestra \omeronasahs interna, separating it 
from the fenestra endochoanahs in the same wav as the vomeromaxillan contact 
separates the fenestra vomeronasahs externa from the fenestra exochoanahs 

The significance of the fragmentation of the paraseptal cartilage mto a network 
surroundmg the ^ omeronasal nen^es is obscure This feature was present m all the 
three species of Varanus studied, and also occurs in the genus Gerrhosaurus (Malan, 
1941), m Tupinambis tegmxin, and, to a lesser extent, m Lacerta vivipara 

COMPARISON WITH SNAKES 

The Sunbeam snake, Xenopeltis umcolor Reinvardt (fam Xenopeltidae), has been 
selected for comparison with Varanus Tuo series of sections through the nasal 
region of this pnmitive and comparativelj' generahzed ophidian have been available 
for study, for the specimens from which these have been prepared I am indebted to 
Dr Jlalcolm Smith, and to Air JI W F Tweedie of the Raffles Museum, Singapore 

The snout of Xenopeltis is shorter and wider than is the case with most lizards, and 
contrasts particularly with the elongated snout of Varanus The dorsal surface of the 
skull (Text-fig IB) shows a large fenestra exonarma anterior in which the septo- 
maxilla is widely exposed The relationships of the bones are so different from those m 
Varanus, however, that the latter feature can hardly be regarded as suggestmg 
affinity befr\een the two forms 

The bony palate of Xenopeltis (Text-fig 13) differs even more stnkmgty from the 
saurian condition The premaxiUae form a rounded arcade w hich is in contact w ith 
the antenor tip of the maxilla on each side This condition is found onlj among the 
most primitn e snakes, and m more advanced forms such as the colubrids and \ ipers 
the premaxillae are much reduced and are not m contact ’ivith the maxillae In all 
non-^ iperine snakes* the lateral extent of the maxilla is reduced and the bone has the 
form of a narrow rod which is separated from the lomer and palatine medial] j b\ 
a considerable gap m which the septomaxilla is wudeh exposed The fenestra 
■vomeronasahs externa lies between the scptomaxiUa laterallv and the \omer 
medially, instead of between the maxdla and the ^ omer, as in Varanus and other 
lizards A peculiar feature m Xenopeltis is the presence of a long slender process 
w Inch runs forw ard from the main part of the palatine bone and lies abov e the \ omer 
in the medial wall of the ductus nasopharjTigeus (Text-figs 11 A, 12F,G and 13) The 
position of the fenestra exochoanahs in Xenopeltis, as m snakes generalfr , is er\ 
different from that m Sauna In the latter the fenestra occupies a large part of the 
bonv palate and is situated betw een the maxilla and the omer, wuth the palatine 
behind (Text-fig 2 A, B, C) In snakes the fenestra is directed backwards from abov e 
the posterior part of the % omer (Text-fig 11 A) and is hardh susible from the s entral 

* In the vipers the maxilla is short and highly spcciahzed in association mth the mechanism of fang 
erection 
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aspect The fenestra vomeronasahs externa is 

part of the length of the vomer from the fell T" «ie greater 

‘secondary palate’ is therefore present but this extensn e bony 

the nasal sac which extends laterally’ across the J ^ ''^^^’^1 part of 

palatine ^ between the vomer and the 
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Tes.t fig 12 Xenopeltis untcolor, subadult Transverse sections through snout at levels shoun m Text 

figs lOE and 13 ( x 15 ) 

The appearance of the nasal sac in Xenopeltis with its short anterior nasal tube 
and poorly differentiated lateral recess is shown in Text-fig lOE As in all snakes the 
choanal tube is dratvn out into an elongated ductus nasopharyngeus vhich lies dorsal 
to the posterior part of the vomer (Text-fig 11 A) A ductus nasopharyngeus is also 
present in many skinks and certain other lizards, but here the bony relationships arc 
very different (see Lakjer, 1927, Barge, 1937) 

The most striking similarity betveen Varanus and the snakes is shosvn by the 
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condition of Jacobson’s organ, by the relabonship of its duct to the lachrjTnal system, 
by the morphology of the superficial palate, and by the presence of a slender bifid 
tongue These structures, together mth the ey'e glands tv Inch provnde the secretion 
in which the odorous particles deposited by the tongue tips are carried through 
Jacobson’s organ, constitute a functional ‘vomeronasal unit’ which seems to have 
reached its greatest development among Squamata in the varanid hzards and the 
snakes In the latter a single lachrynnal duct only is present It will be seen, how ever 



Text fig 13 Xenopdtis umcolor aubadult Reconstruction of chondrocramum (nght) and bones of 
snout (left) seen from below (Bones drawn from dried skull ) Levels of section m Text-figs 11 and 12 
arc shown Windows have been cut m the paranasal cartilage and lateral recess capsule and a 
segment of the hv pochoanal cartilage has been removed ( x 25 ) 

(Text-fig 10 E), that the relationships of the anterior part of this structure, with its 
dilated angular portion behind the organ of Jacobson, and its direct opening into the 
duct of the latter organ, are essentialh similar to those of the long lachrjamal duct 2 
of Varanus The posterior (orbital) end of the lachrvmal duct system is markedh 
different in Varanus and XenopcUis, howev er, conditions m the former follovnng the 
usual saurian pattern vv ith the laclirv mal puncta arising from the conjunctiv al space 
on the deep aspect of the lower cvehd (see Bellairs <SL Boyd, 1947) 
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The nasal capsule of Xenopeliis differs little from that of more advanced and 
typical snakes Such as Natnx [Twpidonotm) natrix (Backstrom, 1931) Charac- 
teristic ophidian features are the high anterior cupolae joined by a flattened rostral 
process which runs back into the low nasal septum, the long processus alaris inferior 
and the extensive conchal infolding which is exposed from below by the almost 
com^plete absence of the true capsule floor The ectochoanal cartilage is connected 
with a long hypochoanal cartilage which runs back to support the ductus naso- 
pharyngeus As in snakes generally, the sphenethmoid commissures are absent 
Perhaps the only feature in the nasal capsule of Xenopeliis which can be regarded 
as primitive is the presence of a small nodule of cartilage on each side of the nasal 
septum belund the fenestra vomeronasalis interna (Text-figs 12C, 13) From its 
position and relationship to the vomeronasal nerves, this nodule appears to represent 
a rudiment of the paraseptal cartilage of lizards No similar structure has been 
reported in other snakes, nor have I found anything resembling it in sections of other 
forms usually regarded as primitive (e g Cyhndrophis, Eiyx, Consiuctoi) 


DISCUSSION 


In assessing the affinities of any form it is always a matter of difficulty to distinguish 
between those resemblances with other types whicli are indicative of true phylo- 
genetic relationship, and those which result from parallel evolution This is paiti- 
cularly the case with a group like the Squamata, where extensive parallel evolution 
has occurred in association with a host of divergent specialized trends It is, there- 
fore, unwise to attempt even a provisional assessment of the relationships of Vaianvs 
without some consideration of a wider range of characters than has been described 
in this account 

The striking diffeieiices between the snout of Vaianus and that of other li/ards 
can be matched with certain peculiarities shoAvn by other regions of the body The 
presence of caitilage canals in the epiphyses of the long bones, a feature unique 
among reptiles (Haines, 1941), together with other characters listed by Camp (1923) 
are suggestive of a long evolutionary history distinct from other living saurian 
families Relationship with the mosasaurs, however, is indicated by numerous 
features of cranial morphology (see Camp, 1940) 

In spite of Its peculiarities, the basic morphology of the varamd snout, as ex- 
emplified by such structures as the bony palate and nasal capsule, are essentially 
saurian rathei than ophidian in nature Apart from the slightly ophidian appearance 
of the anterior part of the nasal septum and its relationship with the nasal cupolac 
and site of exit of the ethmoidal nerves, the few absolutely characteristie features of 
the ophidian nasal capsule are not sho^vn, or even approached, in Vmanus Such 
typical ophidian features are the long processus alaris inferior, the presence of the 
hypochoanal cartilage, and the absence (or marked reduetion) of tlic paraseptal 


The uadoubted resemblances between thevarauid "" '“7" „ 

nasal apparatus do not seem of great phylogenetic sigmfieaneo The fact that theic 
rembWs involve the soft parts only, and arc superimposed upon sUlc Inl 
structures of a very different type, is suggestive of parallel evolution ossociated ii i 
:h“pment of a highly efficient vomeronasal sense The similarity betiiecn the 
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%omeronasal organs and palate of Varanus and those of at least two verj’’ distinct 
squamate genera, Amplnshaena and Tupinambis, lends further support to this view 

An investigation of the endocranial brain-case m reptiles shows that one of the most 
clearly marked distmctions betiveen the cranial anatomy of lizards and snakes lies 
m the disposition of the trabeculae in the orbital region, and m the presence or 
absence of sphenolateral cartilages The varanid bram-case mth its high mterorbital 
septum and fenestrated sphenolateral is essentiallj similar to that of such generahzed 
lizards as Eumeces and Laceria, and is m strikmg contrast mth the platjdxabic 
condition of snakes where the sphenolateral cartilages are absent m the adult state 
Other features of the varanid skull such as the presence of the lachrjTnal and jugal 
bones and the structure of the ear seem to shon that, on grounds of cramal morpho- 
log}’’ at least, there is no reason to regard Varanus as having any specially close 
affinities mth the snakes Indeed, certam other saurian groups appear to show 
a closer resemblance to snakes in manj’’ important respects fsee Bellairs, 1949) 

On the classification devised by Camp (1923) the Varamdae appear as the closest 
living relatives of snakes, and this concept has been expressed more emphatically by 
Romer (1945), who writes that the snakes are ‘obAuously derived from varanid 
types ’ Camp’s original new seems to have been mainly based on the structure of 
the hemipenes and vertebrae, together mth certain cranial features, nhich, as I hope 
to shon elsenhere, are open to a different interpretation I do not feel that this nen 
has been adequately substantiated by the study of cranial morpholog)*, which has 
so far failed to reveal any significant resemblances between Varanus and the snakes 
IV hich cannot as readily be explained on grounds of parallel evolution It is therefore 
suggested that further evidence is required before a specially close relationship 
betn een the Varamdae and the snakes can be established 

SUMMARY 

1 The anatomy of the snout of Varanus is described, largely from serial sections 
of the species monitor, salvator and mloticus The nasal capsule, nasal and vomero- 
nasal organs, lachrjTiial apparatus and palate are described in some detail, and an 
account is also given of some features of the bony snout, and the distribution of the 
mam nerv es and arteries The terrrunologj devased bj' Jarvuk (1942) for the different 
parts of the ethmoidal region of anamniotes has been applied and extended The 
most important features shown bj Varanus are hsted below 

2 The nasal capsule is incompletely covered by dermal bones on the dorsal 
surface of the snout The fenestra exonarina anterior is v erj large, vnth the septo- 
mnxilla wndely exposed in it (Condition approached by mosasaurs ) 

3 The nasal capsule is elongated mth an unfenestrated roof The nasal septum 
ends anteriorly in a flattened rostral process vv luch extends forw ards in front of the 
cupolac The floor of the nasal capsule is largelj mcomplete and the zona annularis 
IS absent Paraseptal and ectochoanal cartilages are present and almost enclose the 
fenestra v omeronasahs interna There is an extensiv e separate capside for the lateral 
recess of the nasal sac in V monitor (This feature is present m some other lizards 
such as Eumcces, but is less well developed in Varanus saLalor and V mloticus ' 

4 The antenor nasal tube is long and curv ed and the anterior chamber of the 
nasal sac is elongated The olfactory chamber is hmited m extent The nasal concha 
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extends into the lateral recess m V only The choanal opening ,s limited lo 

the posterior part of the nasal sac, but is not draivn out to form a ductus n„so“ 
pharyngeus as m some lizards and all snakes 

5 The organ of Jacobson is very large and its duct opens into the mouth and 
receives the anterior orifice of lachrymal duct 2 

6 There are two separate lachrymal ducts on each side Lachrymal duct 1 
(arising from the superior punctum) is short and discharges into the olfactory 
chamber of the nasal sac after passing between the prefrontal and lachrymal bones 
Lachrymal duct 2 is long and passes through a foramen in the lachrjnnal bone to 
discharge into the medial aspect of the duct of the organ of Jacobson The relations 
of lachrymal duct 2 somewhat resemble those of the single lachrymal duct of snakes 

7 The bony palate is completely neochoanate, with the fenestra vomeronasahs 
externa separated from the fenestra exochoanahs by the vomeromaxillary contact 
The superficial palate is remarkably complete, with short choanal grooves 

8 A brief description of some of the features of the snout of the primitive snake 
Xenopeltis umcolov is given Except for the presence of a nodule inteipreted as 
a rudimentary paraseptal cartilage, conditions are very similar to those in more 
advanced snakes such as Natnx The most striking differences from the saurian 
condition are shown by the morphology of the bony snout, especially the palate, and 
by certain features of the nasal eapsule 

9 A comparison between Vmanm and other lizards suggests that its isolated 
systematic position within the suborder Sauna is fully in accord with the findings 
described 

10 A comparison with snakes shows that, m spite of its peculiarities, the genus 
Varanus conforms in all essential respects to the saurian rather than to the ophidian 
pattern On the evidence cited in this paper, and on a consideration of certain other 
cranial features, it is suggested that a close relationship between the Varanidae and 
the Serpentes cannot yet be regarded as firmly established 

My thanks are due to Prof J D Boyd for his interest m this work and for much 
helpful advice, I am also indebted to Mr R Quinton Cox and Mr A J King for 
technical assistance 
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Abbreviations to Text-figures and Plato 


a ch 

antenor chamber of nasal sac 

ch 

choanal tube 

ad CO 

aditus conchae 

ch g 

choanal groove 

add in 

adductor mandibulac mu«cle 

chor 

choroid 

a cn 

antenor external nostnl 

cJo 

cartilage of Jacob«on s organ 

ant 

anterior nn«al tube 

c 1 rtc 

capsule of lateral recces 

aosp 

antorbital space of nasal sac 

CO 

nasal concha 

a sp 

antenor <^pacc of nasal sac 

CO »nw by 

concavit\ for mushroom bod\ 

br 

bnllc (spectacle) 

con s 

conjunctival space 

carl 

nodules of cartilage beneath antenor 

cor 

cornea 


cupola 

CO z 

conchal zone of na*^! sac 
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cup anterior cupola 

dee dorsal conclial zone 

d Hd gl duct of Harderian gland 

dJo duct of Jacobson’s organ 

d na gl duct of nasal gland 

dnp ductus nasopharyngeus 

ec c ectochoanal cartilage 

eept ectopterygoid 

cth a ethmoidal arterj 

eth g ethmoidal ganghon 

f flange of cartilage 

/ end a fenestra endonarina anterior 

fendch fenestra endochoanalis , 

fexa fenestra e-ronarina anterior 

/ exch fenestra exochoanalis 

/ 1 fenestra in nasal septum 

f olf fenestra olfaotona 

fo ap foramen apicale 

fo ep foramen epiphaniale 

Jr frontal 

f VO ex fenestra vomeronasahs ei^terna 
f VO in fenestra vomeronasahs interna 
gl gland 

Hd gl Harderian gland 

hy c hypochoanal cartilage 

1 ch inner choana , , . „ 

invag invagination of wall of lachrymal dnet- 

m T'oranas 

infonor oblique muscle 
interorbital septum 
Jacobson’s organ 
jugal 
lachrymal 

lachrymal canaliculus 
lachrymal duct 

2 lachrymal ducts 1 and 2 in T nroiucs 
2 lacliryraal puncta 1 and 2 
lateral recess of nasal sac 
lamina transversalis anterior 
free posterior end ofl t a 
mushroom body 
maviUa 

palatal process of mr 
maviUarj artery 
nasal 

nasal gland 
nasal septum 
outer choana 
opening of duct of J o 
olfactory bulb 

olfactory chamber of nasal sac 


t ob 

1 0 s 

Jo 

ju 

la 

I c 

Id 

Id l,ld 
Ip I, Ip 
I rec 
I i a 
It a' 
mu by 
mx 
mx ' 
mx a 
na 
na gl 
n s 
o cli 

0 d J 0 
olb 

01 ch 


old l,old 2 oponmgs of lachrymal ducts 1 
and 2 

olfactory epithelium 
orbital sinus 
palatine 
palatine artery 
processus alaris inferior 
processus alaris superior 
parasphenoid 
palatine gland 
premaMlla 

processus maxiUans anterior 
processus ma\illans posterior 
premaxillarj bar 
paranasal cartilage 
separated part of pn c 
postnasal uall (planum antorbitalo) 
palatal process of pmv 
prefrontal 
parascptal cartilage 
fragmented part of ps c 
pterygoid 

parictotcetal cartilage 
roof of nasal capsule 
respiratory epithelium 
rostral process 

sub brillar space (closed conjuiictii al 
space) 

scptoraaMlla 
supraorbital 

sphcnetbmoid commissure 
spongy tissue round anterior chamber 
of nasal sac 

tooth and dental lamina 
tongue 

trabecula communis 
10 c vomerine concha 

ventral conclial zone of nasal sac 

\ omcr 

vomerine cushion 
vomerine gland 
^ omenno process of pair 
connexion betuecn I d 2 and ca% itj of 
nasal sac in J'aranns 
olfactory ncr\ c 
\ omcronasal nerve 
ophthalmic and ethmoidal none 
medial ethmoidal branch of Vo 
lateral ethmoidal branch of \ o 
mn\illary ner\e 
palatine branch of facial nerv 


ol cp 
o s 
pal 
pal a 
p al in 
p al su 
pas 

;pmx 
p mx a 
p ?nv p 
pwx b 
pn c 
pn c ' 
pn tc 
p pmx 
prfr 
ps c 
psc^ 
pt 
p( c 
r na c 
re tp 
ros p 
sb $ 

smx 

so 

sph c 
s i 

i 

to 

Ir 

V CO 

vcz 

to 

to CH 
to gl 
to pinx 


r 

Vo 
Vo m 
Yal 
Yb 
Yllp 


explanation of PL-VTE ^^^^j^^^j^prclationdup 

^ r r: ::;s: 

of lachrjunal dnet to d ^ Jacobson (c x-0) b j^^hrMnal duct to 

Transverse section thr g , . of Jacobson The relations i p , j Trinsitr > 
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A CYTOARCHITECTURAL INVESTIGATION' INTO THE 
BOUNDARIES OF CORTICAL AREAS 13 AND 14 IN 
THE HUMAN BRAIN 

Bv ELISABETH BECK 

From the Department of Neuropathology, Research Laboratory, 

Maudsley Hospital, London 

INTRODUCTION 

Walker (1940) has described two new areas m the posterior orbital surfaee of the 
macaque brain area 13 in the posterior orbital gyrus and area 14 in the gyrus rectus 
beneath and medial to the olfactoiy tract Both areas were essentially agranular 
No corresponding investigations have been reported m the human brain, nor did 
IValker fullj’' discuss the relationship of his tw o new areas to previously described 
cortical subdivisions m man Von Bonin (1944), however, tried to correlate almost 
agranular zones m the posterior orbital surface of the human brain, described by 
von Economo & Koskmas (1925), with an ‘area orbitahs agranularis’ homologous 
m all mammals so far investigated As will become apparent, how ever, this correla- 
tion does not seem to cover entirely the more complex conditions which appear to 
obtain in man In the light of these considerations, and since the neurophysiology 
of this region has lately aroused much mterest, re-examination of its cytoarchitecture 
seemed to be a matter of some urgency 

Bailey & Sweet (1940) stimulated the gjums orbitahs posterior m monke}’^s and 
cats causing inhibition of respiration, rise of blood pressure and decrease in the tonus 
of the gastric musculature Ruch A Shenkin (1943) ablated area 13 in a series of 
monkeys producing a marked degree of hyperactivity Fulton (1947) mentioned that 
experiments carried out jointly^ with Livingston confirmed the results of Ruch & 
Shenkin in monkeys as far as area 13 w'as poncemed Small bilateral lesions of 
area 13 in one chimpanzee, how ever, did not cause hyTiermotfiitj , from w hieh Fulton 
concluded that the region may be larger than m the monkeys and m man may^ be 
larger still Ward & McCulloch (1947) recorded neuronographic endenee of strong 
projections m monkey'^s from posterior and medial portions of the orbital surface 
(areas 10, 47, 53 m Bailey^’s terminology) to the pa^a^ entricular nucleus of the hy'^po- 
thalamus and from area 47 and posterior area 45 to the posterior hypothalamic area 
More recently^ Delgado & LiMngston (1948) published their results obtained by 
electrical excitation on monkey's and dogs, w hich showed that the acti\ e region 
concerned with respiratory and blood pressure changes coincides with area 13 and 
that in some animals its limits arc sharp After bilateral ablation of area 13 their 
monkeys show ed elevated temperatures m the hind limbs 

That this region m man seems to be concerned wuth similar functions, has been 
showni in a paper by' Mey er iS. McLardy (1948), dealing wntli postenor cuts m pre- 
frontal leucotomy , nine of their cases, wuth bilateral m\ oh ement of the central third 
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c. monkeys), developed post-operative disturbances, many of vhicli 

seemed to have an autonomic basis 

Although the precise delineation of the agranular orbital cortex in man vas the 
ob 3 ect of this study, it has been necessary, for the understanding of the correct 
boundaries, to include a cytoarchitectonic description of adjacent areas 


MATERIAL AND METHODS 

The cytoarchitectonic investigation of the orbital surface was carried out on nine 
hemispheres taken from seven different cases Case 1, a normal male aged 40, was 
fully investigated m serial sections through the whole length of the left orbital region 
Case 2, a normal male aged 20, was investigated m serial sections through tlie 
posterior half of the left orbital region, and through a sample block from the anterior 
half Cases 3-7 were examined m serial sections through sample blocks from three 
different levels, chosen within the anterior, middle and posterior thirds of the orbital 
surface This material (cases 3—7) was taken from four patients m whom prefrontal 
leucotomy had been performed without damaging the orbital region or its projections, 
and from one patient with an old arteriosclerotic softening around the Sjdvian fissure 
The material, which was obtained approximately 24 hr after death, was fixed in 
10 % formalin and subsequently embedded m celloidm Serial sections (30/{) were 
cut, of which every twenty-fifth was stained by the Nissl metliod In tliese com- 
paratively thick sections all the peculiarities of each region were emphasized, without 
obscuring finer details Some myelin-stained sections (Heidenhain’s modification of 
Weigert’s method) were also examined to exclude the presence of any small lesion 
not obvious m the Nissl preparations No lesions were found 

Owing to the convolutional characteristics of the orbital region, i e arrangement 


of sulci and gyri more or less parallel to the medial and lateral surfaces (Text- 
fig lb), only coronal sections were used In this way the desired ‘ideal plane’ at 
right angles to the sulci and cortical surface was obtained and distortion of the 
cortical pattern due to obliquity of section was avoided 

The criteria employed for differentiation of the various areas were chosen with the 
greatest care, in order to avoid the criticism brought fonvard by Lashley & Clark 
(1946) Only striking alterations in the laminar pattern were regarded as a basis for 
subdivision and the characteristics of each area, as described below, could he 
recognized throughout the nine hemispheres iVImor differences of cell si/e, cell 
shape, or width of cortex, winch could be interpreted as individual differences were 
noted, but never by themselves taken as an indication of a distinct cortical field The 
above applies mainly to the criteria employed for parcellation m the medio-lateral 
axis, antero-posteriorly the subdivision was based on the presence or absence of an 
internal granular layer, a criterion which is valid beyond doubt 

It proved extremely difficult to carry out parcellation by microscopical obsein a- 
tion only Therefore, in case 1 photomicrographs of every hundredth section o ic 
gyrus rectus, of the orbital gyri and of the pars orbitalis of the inferior f^ntal gj ms 
were taken and were fixed to a board m their correct topograplnca positmn In u 
way a reasonably representative sample of the microscopic structure of the 
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orbital surface could be vieu ed simultaneous!}’', an mvaluable help for parcellation 
In addition, the surface outline of these sections iias draivn by projection and the 
boundaries of the architectonic areas marked in under microscopic control The chart 
(Text-fig la), representing a reconstruction of the orbital surface of case 1, -uas 
based on these drawungs The level of each section has been shoum bj its corre- 
sponding serial number at the side of the chart, thus the exact location of photo- 
micrographs (Pis 1-3) can be easily determined lATiere uude transitional zones 
between two areas occurred they have been indicated, using the symbols of both 
areas concerned simultaneously The next charts (Text-fig 2a,&) shou the position 
ofBrodmann’s (1914, 1925) and von Economo & Koskinas’ (1925) areas as theyvould 
appear, if projected on to the orbital surfaceof case 1 The thick lines in \ on Economo 

Koskinas’ chart indicate the location of their photographs 

Following Walker’s example Brodmann’s numerical nomenclature has been used 
as far as possible throughout the region mvestigated It proved necessary, how ei er, 
to introduce certain further terms i e area recta anterior and posterior and area 47 
anterior and posterior Reference to the most posterior extension of the orbital 
cortex — ^transition into insular and parolfactory regions — has been made in von 
Economo <L Koskinas’ terms FJ and FL, since, except for area 25, no termmolog}’ 
of Brodmann’s is available It seems likely that in future investigations von Economo 
& Koskinas’ terminology will have to be introduced throughout as being more logical 
and more flexible 

RESULTS 

The following areas have been recognized throughout the nine hemispheres, their 
position can be located from Text-fig 1 a 

Area lecta anterior and area recta posterior (Text-fig la) 

Cytoarchiteclure Area recta anterior lies on the anterior half of gyrus rectus 
expanding laterally to cover the most medial part of the adjacent orbital gyrus 
Anteriorly it terminates with the end of the olfactory sulcus, the subrostral sulcus 
forms its border on the medial surface 

Its mam characteristics are narrowmess of the cortex as a whole, especially 
accentuated narrowmess m layer III, cells of equal size throughout III, distinctly 
marked, though narrow internal granular layer and — in places — arrangement of the 
infragranular layers in vertical columns None of the laminae is suflieientl} well 
marked to give rise to horizontal stnation (PI 1, fig 1) 

Area rceta posterior covers the posterior half of gyrus rectus, and extends laterally 
into the most medial part of the adjacent orbital g} rus Anteriorl} it is bordered b} 
area recta anterior, posteriori} it gradually merges into the parolfactory area of 
Broca {FL of \ on Economo iSL Koskinas) The sulcus subrostralis forms its boundary 
on the medial surface 

Area recta posterior may best be described as an agranular subdii ision of area 
recta anterior, for it retains all its other characteristics (PI 1, fig 2) The change from 
granular to agranular cortex is not a sudden one, but takes place o\ er a fairly 

• Brortmann already Buggeated a possible further subdivision of his area 1 1 into a medial area recta and 
a lateral area orbitalis mtema on the strength of different cj-toarchitecture But he neier actually 
executed this suggestion bj drauing these areas Beparatch on his chart 
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extensive transitional zone m winch the mternal granular layer becomes gradualh 
arrower, less dense and more mtermingled with large cells from layers III and V 
No difference m cortical structure could be noted between the crovm of gyrus rectus 
and the walls of the olfactory sulcus 

Discussion The position and structure of area recta anterior and area recta 
posterior— as described in this paper— seem to be identical with von Economo 

Kosfanas description of their areas FG (their plate XXXV) and the orbital portion 
01 FH, respectively 

Brodmann’s=f area 11 includes in its most medial portion the site of our areas recta 
anterior and posterior Its architecture, however, described as being uniform for the 
entire area, resembles only the structure in our transitional zone, between areas recta 
anterior and posterior 

A cytoarchitectonic parcellation of gyrus rectus was undertaken by Ngovyang 
(1932), who confirms on the whole Vogt’s (1910) myeloarchitectonic subdivisions 
Ngowyang distinguishes between anterior granular and posterior dysgranular 
portions, the former being roughly identical with area recta anterior of the present 
writer Only a small area in the depths of the olfactory sulcus is described as quite 
agranular but is assigned to the parolfactory region 

Walker, in the macaque, did not describe any area comparable to our area recta 
anterior His area 14, however, occupies a position apparently similar to our area 
recta posterior, but the description and illustration of its architecture — taken irom 
the walls of the olfactory sulcus — show it to be much more akin to the parolfactory 
cortex {FL) in man, although the latter is restricted to about the posterior tenth of 
gyrus rectus It therefore seems piobable that his area 14 is not homologous viUi 
OUT area recta posterior, a view wluch finds further support from von Bonin it 
Bailey (1947) who, adopting von Economo’s terminology for their map of Macaca 
mulatta, assign the entire area equivalent to Walker’s 14 to parolfactory FL f 


s Aieas 11 and 13 (Text-fig la) 

Cytoai clntectw e Area 11 represents the cortex of the anterior two-thirds of the 
medial orbital gyrus, forming the lateral boundary of area recta anterior It curves 
round the anterior end of the olfactory sulcus, extending slightly on to the medial 
aspect of the hemisphere Laterally it encroaches upon the middle orbital gyrus 

Its cytoarchitecture is similar to area recta anterior, the mam differences being 
gradual medio-lateral increase m total width, evenly distributed throughout the 
layers, a denser layer III with larger cells in its depths, vhich permit its subdivision 
into Ilia and Illh , a more pronounced layer Va and layer Via with lighter layer ^ b, 


* As the data on ^vhich Brodmann (1908, 1910, 1912, 1914 and 1925) based hia cjtoarchilcctonic map 
of the human brain have never been published, Rose’s (1935) detailed histological 
graphs of Brodmarm’s areas have been used for the assessment of the architectonic 
^ t As far as can be seen from the literature no autonomic responses haic so far been 
wllher’s area 14 in animals On the other hand, Fulton (1947) describes a 
the course of an operation for a pituitary tumour the most '' I"' rc^ 

his descnption, gyrus rectus was accidentally fixed bilaterally with Zenker s fl i ( J" ,j,j 
most hkely includl parolfactory as well as cortex from the posterior part of our area recta posterior ) 
patient developed a condition similar to sham rage m animals 



Cortical areas 13 aind 14 in the human brain lol 

giving nse to distinct honzontal striation, and no columnar arrangement of the 
infragranular lajers (PI 2, fig 1) 

Area 13 covers the posterior third of the medial orbital gjTus, or the posterior fifth 
onIj% if the transitional zone be excluded Antenorlj it is bordered bj area 11, 
posteriorly bj" ion Economo & Koskmas’ area ‘fronto-msulans’ (FJ) m the gjTUS 
transversus msulae 

Just as I regard area recta postenor as an agranular subdinsion of area recta 
antenor, so area 13 can be termed an agranular subdivision of area II It retams all 
the main characteristics of area 11, includmg a very marked layer Ya vith especially 
large cells towards the posterior end and a well-developed layer Via (PI 2, fig 2) 
The latter tv o features give rise to distmct honzontal striation, v hich also constitutes 
the mam difference from area recta postenor The transition from granular to 
agranular cortex is gradual, but extends only over 100 sections as compared with 
200 on gjTus rectus 

Discussion Neither Brodmann nor von Economo & Koskmas describe anj area 
vhich IS topographically or structurally identical with areas 11 and 13, as just 
defined Topographically these areas fall withm the lateral portion of Brodmann’s 
area 11 — le his suggested area ‘orbitalis interna’ — for which, hovel er, neither 
a separate structural descnption was given nor a further possible subdinsion into 
granular and agranular parts considered With regard to \on Economo & Koskmas’ 
chart our areas 11 and 13 fall ivithm the medial portion of their area FF No part, 
hovei^er, of FF is described as similar to our 11 and 13, on the contrarj representa- 
tive? photographs of the anterior granular and postenor agranular subdivisions 
{FFg and FFa), both taken from lateral portions, are identical m every detail with 
those of our areas 47 anterior and posterior, to be desenbed later (PI 3, figs 1 and 2) 
A comparison, hoveser, of PI 2, figs 1 and 2 with PI 3, figs 1 and 2 ivdl show the 
striking difference between our areas 11 and 13 on the one hand, and our 47 anterior 
and postenor on the other Separation of areas 11 and 13 from the field FF seems 
therefore appropriate, and finds further support from Vogt’s (1910) and Strasburger’s 
(1937) description of the mj eloarchitecture of this region, le ‘unistnar’ corre- 
sponding to our areas 11 and 13, but ‘bistriar’ and ‘unitostnar’ to our areas 47 
anterior and posterior, respectn ely 

Walker’s descnption and photographs of his areas 11 and 13 m the macaque show 
them to be homologous in topography and structure to those desenbed m man in this 
paper There exists only the difference in expanse, transition from areas 11 to 13 in 
the macaque occurring betv een the anterior and posterior half of the orbital gvrus, 
whilst in man it takes place between the middle and posterior thud of the (medial) 
orbital gjuus Thus area 13 in man is far more restricted 

In their charts of the macaque ion Bonin (1944) and von Bonm <L Bailey (1947) 
homologize V alker’s area 13 w ith them areas 47 and FF respectn eh It is not mj 
intention to go into the often verj’- contradictor} e%udence of homologies, in man, 
how e\ er, it must be stressed that m\ estigation seems to show more complicated 
conditions, area 13 being b} no means identical with area 47, e^en in the latter’s 
most posterior agranular portion 

* Brodmaim’a onginal term area 11 has none the less been retamed m this stndi on account of its 
customarj usage m man and its homologj to IValker a area 11m the macaque 



Text fig 1 a Parcellation of the orbital cortex in case 1, left, temporal polo removed Reconstruction 
from diagrams of every hundredth section at a magmfication of two (allowing G mm for hundred 
sections of W(i thickness) The curvature of the brain has been flattened out 
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Areas 47 antenor and paste? tor (Text-fig la) 

Cytoaichitecture Area 47 anterior lies on the orbital portion of the inferior frontal 
convolution and extends medially to cover the lateral and middle orbital gjTi 
Anteriorly it is limited by the polar cortex (area 10), posteriorly by its agranular 
subdivision, area 47 posterior The horizontal ramus of the Sylvian fissure provides its 
approximate lateral boundary, the medial orbital sulcus its medial one 
Area 47 anterior is differentiated from area 11, which it borders laterally, by 
a considerable increase in width and density of the cortex, especially marked in 
layers TV and Via, the latter being far denser than m any of the previously described 
areas The fifth layer also becomes wider but very light and cell-poor, especially Vi 
This produces a very pronounced horizontal striation There is also a tendency to 
arrangement of the cells m vertical columns (PI 3, fig 1) 

Area 47 posterior is a small zone which lies m the most posterior end of the lateral 
and middle orbital gyn Anteriorly it is bordered by area 47 anterior, posteriorly by 
the anterior portion of the circular sulcus of Reil and von Economo & Koskinas’ 
area fronto-msularis (FJ) 

Area 47 posterior can best be regarded as an agranular subdivision of area 47 
•anterior whose mam characteristics, i e emptiness of layer V and dense, well- 
developed layer Via, are preserved Horizontal striation, however, becomes 
indistinct owing to the lack of an internal granular layer, the arrangement in vertical 
columns becomes less marked, and the transition from fifth to sixth layer is in places 
difficult to assess (PI 3, fig 2) In addition, the cortex becomes less dense and the 
individual cells larger as one progresses posteriorly The increase m cell size applies 
mainly to layer Va, where indeed very large cells can be seen occasionally, nowhere, 
however, giving rise to distinct striation This latter feature constitutes one of the 
mam differences from area 13, which forms its medial boundary The division of 
area 47 into granular and agranular cortex is less distinct than in previously 
described regions, the transitional zone- — ^m some cases — being a much wider one, 
thus confining the completely agranular cortex to a narrow posterior strip in the 
lateral and middle orbital gyn The cortex of the orbital portion of the inferior frontal 
convolution remains granular tliroughout its antero-posterior length 

Discussion There seems to exist considerable confusion in the literature with regard 
to the topography and structure of area 47, which may be attributable to its ap 
parently great variability Brodmann’s area 47 — forming part of the ‘mfrafrontal 
region’ in his revised terminology — occupies a similar topographical position to our 
areas 47 anterior and posterior, but does not reach the horizontal ramus of the 
Sylvian fissure at any point (the granular cortex of this region being assigned to his 
areas 45 and 46) The description of its architecture, however, with a feebly developed 
internal granular layer and wide infragranular layers renders it akin only to our 
transitional zone between areas 47 anterior and posterior 

Von Economo & Koskinas would include the site of our areas 47 anterior and 
posterior m the lateral two-thirds of their area FF, giving, in contradistinction to 
Brodmann, the horizontal ramus of the Sylvian fissure as its lateral boundary The\ 
stress the fact that this region has no uniform character and that it is therefore 
impossible to give a description of its architecture equally applicable to every part 
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Cortical areas 13 and 14 in the human brain 

The}'’ mention and illustrate besides an anterior granular portion, FFg, a postenor 
agranular FFa and a lateral granular FF^ Apart from these they seem to haA'e 
encountered considerable mdividual differences, FF sho-wmg m eA-treme cases a •wide, 
dense internal granular layer throughout Their representatiA'e photographs of FFg 
and FFa both taken from lateral portions (their plates xxxii and xxxm), are, 
as already mentioned, m CA'ery detail identical Muth those of our areas 47 anterior 
and postenor, respectiA'ely A region eorrespondmg m structure to FF^ could also 
be clearly seen m the present matenal 

Kreht (1936 a) studied the cy to architecture of the region equn alent to our areas 47 
antenor and posterior, using Vogt’s (1910) terminology His results -with regard to 
anterior ‘granulant} ’ and posterior ‘dysgranulanty’ are essentially in accordance 
uith the findings in this stud} 

Walker, m the macaque, describes no area 47, nor any area homologous to our 
areas 47 anterior and posterior The orbital portion of his area 12, which occupies 
a similar position to our area 47, displays a % er}' different cytoarchitecture, and his 
area 13 has been shown m the present mvestigation to be homologous to area 13 
in man 

Von Bonin (1944) emphasizes the presence of a homologous area 47 (‘orbitahs 
agranularis ’), in all mammals so far investigated (including man), and identifies it 
■with Walker’s area 13 m the macaque In his ]omt publication •with Bade} (1947) 
he terms it FF and gives a description of its architecture very similar indeed to that 
of Walker’s 13 In his publication on Galago (1945), hoiiever, he describes area 47 
as displaying a light fifth and a dense sixth layer, mdicating a certain structural 
relationship to our area 47 posterior The question of homolog}’’ must therefore 
remain open 

Some difficulties were encountered in dehmitmg area 47 anterior from area 10 
For this reason no transitional zone has been dra’ivn m on the chart (Text-fig la) 
and the boundary given should be regarded only as a rough indication 


Individual differences 

The fact that the mam characteristics of each region could be recognized in all 
nine hemispheres by no means excludes the presence of distmct mdiAudual differences 
Width of cortex, cell size, structure and densit}’’ and above all granulant} Aaried 
greatly from case to case It therefore seems possible that the discrepancies betw een 
the various findings of different obsen^ers may be largel}' due to their considering 
such individual differences too much as a basis for parcellation, as mdeed has been 
pointed out by Lasliley & Clark (1946) Whether mdmdual differences also exist 
’Hith regard to the extent of granular and agranular orbital cortex m antero-posterior 
direction, or with regard to the size of the architectonic areas as a v hole — such as 
Kreht (19366) actually demonstrated for the ‘wider area of Broca’ — cannot be 
established from the present material This question wall liaAe to be miestigatcd 
later m serial sections tluoughout the length of the orbital surface in a large number 
of brains 
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CONCLUSIONS AND SUMMARY 

fact brought out by this study is that in all the cases a granular 
area recta anterior and area 11 could be subdivided from an agranular area recta 
posterior and area 13 The difference between a granular and an agranular area 47 
was not so distinct, because m some cases the transitional zone was m ide and coiunlctc 
agranularity was reached only m the most posterior levels The coitev on the orbital 

portion of the inferior frontal gyrus was granular throughout its entire length in all 
cases 


The new terras, area recta anterior and posterior and area 47 anterior and posterior, 
have been introduced to signify the division into granular and agranular cortex 
Homology of Walker’s area 13 in the macaque to area 13 in man could be estab- 
lished, while homology of his area 14 m the macaque to area recta posterior in man 
seemed extremely doubtful A differeht terminology, i e area recta posterior, was 
therefore chosen for the latter 

As compared with Walker’s (1940) findings m the macaque the agranular poition 
of the orbital cortex in man seems to be proportionately much smaller It is difficult 
to say where the exact anterior boundary should be draivn, as all these areas shoiv 
a comparatively wide transitional zone with gradually decreasing internal granular 
layer m antero-postenor direction This problem, however, might be solved if a more 
accurate functional boundary were determined IMeanwhile, it is interesting to note 
that this region belongs to the agranular type of cortex and is therefore more akm 
to premotor (area 6) than to prefrontal cortex 


I wish to express my gratitude to Dr A Meyer, at whose instigation this stud}' 
was undertaken, for his criticism throughout 
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EXPLANATION OF PLATES 

All the photomicrographs are taken from Nissl preparations at a magnification of x 85 The ‘ (IV) ’ m 
Pis 1, 2 and 3, fig 2, which illustrate agranular cortes, mdicates the position of the outer stnpe of 
BaiUarger as seen m myehn stamed sections 

Plate 1 

Pig 1 Case 1, left B1 U 150 Photomicrograph of area recta antenor, on the crown of gyms rectus 

Fig 2 Case 1, left B1 III, 200 Photomicrograph of area recta postenor, on the crown of gyms rectus 

PlATE 2 

Fig 1 Case 1, left B1 n, 150 Photomicrograph of area 11 m the centre of the medial orbital gyms 

Fig 2 Case 1, left B1 III 275 Photomicrograph of area 13, m the centre of the medial orbital gyms 

Plate 3 

Fig 1 Case 1 left B1 n, 150 Photomicrograph of area 47 antenor, on the crown of the lateral orbital 
gyms 

Fig 2 Case 1, left B1 III 275 Photomicrograph of area 47 postenor, m the centre ofthe middle orbital 
gyrus 
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BONES, MUSCLES AND VITAMIN C 

I THE EFFECT OF A PARTIAL DEFICIENCY OF VITAMIN C 
ON THE REPAIR OF BONE AND MUSCLE IN GUINEA-PIGS* 

ByP D F MURRAY,! 

Depaitment of Zoology, the University of Sydney, NSW, Australia 

AND ^ 

E KODICEK, 

Dunn Nutntional Laboratoiy, Unweisity of Cambridge and Medical 

Research Council 

INTRODUCTION 

The observations described in this paper, some of which have been mentioned in 
earlier communications (Kodicek & Murray, 1943, Murray & Kodicek, 1946), were 
made in the course of an investigation, which had negative results, of the alleged 
reopening of old healed fractures in prolonged vitamin C insufficiency We found no 
evidence of reopening of healed fractures under these conditions, but we made certain 
other observations, the first three of which are the subjects of the present paper 
These observations concerned (1) the repair of the fractures, (2) the appearance of 
a contracture at the knee joints, (3) the failure of injured muscles to regenerate and 
their replacement by hyperplastic connective tissue, (4) the development of sub 
periosteal thickenings of the diaphyses of certain bones and other anatomical 
changes These last aie treated in the second and third papers of this senes 

EXPERIMENTS, MATERIAL, METHODS 
The animals used were guinea-pigs The weights of the vast majority, at the beginning 
of the experiment, were between 200 and 400 g The basal diet was in the earlier 
experiments 720 g oatmeal, 180 g bran, 20 g salt mixture, 100 g dried yeast, later, 
the bran and yeast were changed to 160 and 80 g respectively To the basal diet iie 
added ascorbic acid and radiostoleum Carotene or carrots Avere given, as supple- 
ments of vitamin A, to the diets of those deprived of vitamin D The supplements 
given in the different experiments are summarized in Table 1 In the diets ivJiich ucre 
partially deficient in vitamin C, our aim ivas to reduce the intake of the vitamin to 
as low a level as we could, while preventing obvious scurvy and death, in some 
experiments Ave gave 0 5 mg , in others 1 mg ascorbic acid daily The animals aa ere 
Aveighed on alternate days, or sometimes daily 

The fractures were inflicted under ether anaesthesia Avith forceps resembling those 
used by Hertz (1936) Following Hertz, the fibula Avas chosen for fracturing because 
the tibia made an effective splint and there Avas usually good apposition of the enc s 
No open operation Avas required, but the method undoubtedly involved injurj to 
soft tissues by squeezing 

* Parts II and HI aviU appear in subsequent issues of the Journal rtholomcw’s 

f This Avork was done while the first author was at the Department of Biology, 

Hospital Medical College, London 
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In all experiments, except Exp 2, a radiograph -n as taken to confirm that a fracture 
had been made, and further radiographs u ere taken later at inten’'als of from a fort- 
night to a month 

The animals were killed -Rith chloroform The operated limb, and often both 
posterior limbs and other parts, ivere fixed in Heidenhain’s ‘ Susa ’ solution Specimens 
were at first embedded by Apathy’s celloidin-paraffin method, but later m paraffin, 
the latter method provided more complete series of sections Sections m ere stained 
with haematoxyhn and eosin, Heidenhain’s ‘Azan’, Wilder’s silver method, van 
Gieson, Giemsa, and other methods When animals died before being killed, similar 
material vas collected and preserved in either 10 % formol or Susa 

Table 1 summarizes the nine experiments, shounng how the diets w ere varied, the 
numbers of animals, the dates of the operation when one was performed, and the 
dates of death ‘Experiment 1 ’ is really a list of all the dietetically normal animals, 
including some of those also listed as group 1 in Exps 2-6, in which a fractured 
fibula was studied histologically 

PARTIAL DEFICIENCY OF VITAMIN C AND DEPRIVATION OF 
VITAMIN D, AND THE REPAIR OF FRACTURES 

The diets deficient m vitamin D, in which the balance of salts was not altered, 
produced neither rickets nor any delay m callus formation at the fractures, nor 
indeed any other effect, whether alone or combined w^th a partial deficiency of 
vitamin C 

The eS'ects of partial and complete vitamin C deficiencies on early stages in the 
repair of bone have been studied by Bourne (1942, 1943, 1944) and others (Hanke, 
1935, Hertz, 1936, Israel, 1926, Israel Frankel, 1926, Jeney & Korpassy, 1934, 
Lexer, 1939, Roegholt, 1931-2, Schilowzew, 1928, Watanabe, 1924, Wolbach <L 
Howe, 1925, 1926), but the influence of prolonged partial deficiencies, which we 
studied in Exps 2-6 is less well know n 

The radiographic findings and the results of the microscopical investigation wall 
be discussed separatel}' 

Radiographs 

In Exp 5, radiographs were taken of the operated limbs immediatelj after the 
operation and at 17, 32, 59, and 94 days later, and in Exp 6 immediately after the 
fracture and at 19, 50 and about 80 days after the fracture In group 1 (fullj' 
supplemented diets) of both experiments, the radiographs (PI 1, figs 1, 3) taken at 
17 or 19 days showed a callus with a narrow uncalcified line across it, while in those 
taken at 32 or 50 days no such line was -vnsible and the callus was so reduced as to 
make the exact position of the fracture difficult to recognize In groups 3 (partiallj 
deficient in vitamin C) and 4 (partially deficient in iitamin C and deprived of 
\atamin D), the amount of callus formed (at least at the site of the fracture) at 
17 or 10 days was much less (PI 1, figs 2, 4) In addition, the resorption of bone 
from the broken ends was usually greater than in the control animals (group 1) as 
sliow n b^ the greater w idth of the clear line betw een them E^ en at 32 or 50 da\ s, 
traces of the gap, or e^en a clear area right across the bone, were often Msible 
(PI 1, fig 2) 
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Mtaoscopical tnvesUgation 


Sections confirmed these differences 
vitamin C-deficient animals 


between the dietetically normal and partially 


Normal animals 

It IS not necessary to give a full description of normal fracture repair, but certain 
points must be mentioned for comparison with events m the animals on experimental 
diets The formation of new bone did not begin at the fracture itself, but at some 
distance from it in the swollen cambial layer of the periosteum, later, it giadually 
approached the fracture site At about the end of the first week after the operation, 
cartilage might begin to appear in the densely cellular tissue m which the broken 
ends were now embedded One of the two animals (PI 2, fig 5) killed at 9 days 
showed a considerable quantity of cartilage forming in the fracture region, v hile the 
subperiosteal bone had reached the fracture and trabeculae growing out from the 
proximal and distal fragments, each towards the other, tended to link up around it 
In the other 9-day specimen (PI 2, fig 6) killed at this time, neither bone nor 
caitilage had yet appeared at the fracture site, though subperiosteal bone vas 
actively developing at a short distance from the broken ends In all the animals 
killed at from 10 to 14 days (PI 2, fig 7), bone formation had spread to the fracture, 
and trabeculae had formed across it, making a sort of basket of trabeculae connecting 
the proximal and distal subperiosteal tissues At first no bone formed centrally, 
between the broken ends themselves, but centrally situated trabeculae were present 
after 14 days Cartilage was present m most cases It tended to form m the peri- 
pheral parts of the cellular tissue which joined the fragments before the appearance 
of bone, but it was later often found in the central region between the ends It v as 
finally eroded and replaced by bone In succeeding days (PI 2, fig 8) the trabeculae 
of the callus became stronger and more numerous, and the cartilage, except for 
vestiges enclosed m bony trabeculae, disappeared 

The condition of the fractured region was investigated in eleven animals killed at 
times ranging from 81 to 101 days after the operation (PI 3, fig 9) In all these the 
callus was recognizable in longitudinal sections from its disorderly structure It 
differed from the callus of 2-3 weeks after fracture m two important respects 
First, further deposition of bone on the trabeculae, and doubtless the formation of 
new trabeculae, had transformed the lightly built early callus into massive bone in 
which the solid substance predominated over the vessel-containing spaces, the 
opposite of the earlier condition Secondly, the marked local expansion of the fibula, 
made by the early callus, had disappeared, and sections shoved that the projcetiiig 
part had been removed by osteoclastic resorption from the surface 


'^artially vitamin C-deficient animals 

Fracture repair m animals placed on the experimental diets before the mniction 
,f "rfracture was studied Evps 5. 6 and 9 The matanal consis ed of long.lud.na 

ections tteough the fractured region in animals killed at 
lays after operation (the numbers in brackets give e nu 
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beginning the expenmental diets and death) 14 (40), 16 (42), 18 (45), 20 (47), 27 (51), 
36 (63, tMO animals), 40 (67), 61 (85), 86 (113), 93 (120) 

The tendency, seen in the radiographs, of man3^ animals on the experimental diets 
to shm\ more resorption at the broken ends than the controls did, was confirmed by 
the animal killed at 14 days (PI 3, fig 10) in nhich there was a long gap betn een the 
fragments, filled by a cellular and fibrous tissue No repair had j^et begun at the 
fracture itself In none of the animals on the normal diet and kiUed after 9 daj's 'n as 
the repair process still in so early a stage, in aU, cartilage had formed and bonj' 
trabeculae were crossing the gap 

In the experimental animals which died or were killed at 16, 18 (PI 3, fig 11) and 
20 days after the operation, a few trabeculae had joined across the gap, making 
a feeble connexion, but there nas no cartilage, and the repau- accomplished nas ven 
much less than in the normal animals There nas, honever, great variation in the 
effeet of the diet, and the animal which died at 18 dajs showed repair indistinguish- 
able from that expected in an animal on a normal diet 

In most of the material from ammals kept for longer periods, the new subperiosteal 
bone which, as in normal ammals, first de\ eloped at some distance from the site of 
the fracture, had increased enormously and had formed a great thickening often 
extending along the whole length of the diaphj'sis These diaphj'seal thickenings, 
w'hich w’lll be described m detail in the second paper of this series, w ere trabecular 
structures resembling lightly built calluses of great extent In the two animals at 
36 daj'S after the operation, and in that at 61 (PI 3, fig 12), the two pieces of the 
fibula were connected by the new bone extending over them like an immense callus 
In the one which died at 93 days a pad of cartilage remained, still unresorbed, 
between the ends (PI 3, fig 13) In those at 40 and 86 days, in which no large 
thickening had developed, they were weaklj’^ joined by small calluses de% eloped 
between and around their ends The chief fact of interest is that, whether the region 
of the fracture w as, or w as not, enclosed in a large mass of new bone, the repair of 
the fracture was never completed as it was in the controls, for the callus, large or 
small, alw aj's remained of light trabecular construction and w as never consolidated 
as it was in the animals on properly supplemented diets Compare PI 3, figs 12 
and 13, with fig 9 

PI 4, fig 14, shows the fractured fibula of an animal of Exp 4, group 4, in which 
the partiallj^ deficient diet did not begin until 2 weeks after the operation, and in 
which there was no period of total deficiency Nevertheless, the callus, which must 
ha^ e been formed w hen the partial deficiencj began, failed to consolidate At least 
one other case behaved similarlj^ 

STIFFNESS OF THE KNEES 

The most constantly observed change at the joints was a development of stiffness at 
the knees This occurred in the great majoritj of partiallj Mtamin C-deficient 
animals Thus, m Exp 9, in which the condition was most completeh recorded, 
some degree of stiffness w as found in both legs of all sixteen animals It w as ne\ er 
seen in guinca-pigs adequatel} supplied with -vitamin C, and we did not notice it in 
other joints Usually the leg was fixed m flexion, but sometimes in extension, in 
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severe cases we were unable to move the joint without using force vhicli ve feared 
would cause a fraeture, while in others the knee could be moved witli less violence 

1192^ condition has been described by Meyer & McCormick 

(1 28), >yho give a photograph Stiffness did not occur m animals provided vith 
vitamin C but deprived of vitamin D 


The stiffening of the knees seems to be one of the earliest signs of a partial deficiency 
o he vitamin In Exps 5, 6 and 9 it was already present on the day of the operation 
that is on the 24th and 27th days of the experimental diet, which had included a 
period of total deficiency of vitamin C followed by partial deficiency Unfortunately, 
we do not know whether, m the present experiments, the stiffness appeared during 
the period of total deficiency or not, but in more recent experiments by one of us 
(E K ) it did not appear during total deprivation lasting 18 days That total deficiency 
IS not necessary for the appearance of stiffness is shown by Exps 3 and 4, m which 
there was no total deprivation, and in which stiffness appeared in at least thirteen 
out of thirty-two legs examined 


Stiffness IS also not a result of the operation, for in Exps 3-6, among thirty legs 
operated, stiffness developed in nineteen but not in the other eleven, while of twenty- 
six unoperated legs, seventeen showed stiffness 

There was a distinct correlation between the right and left sides of the same animal 
in the experiments just mentioned, fifteen showed stiffness of both legs, eight of 
neither, and only three showed it m one leg and not m the other Stiflness thus 
depends rather on the diet than on the injury 
Meyer & McCormick (1928) attributed stiffness to changes whicli they observed in 
the spinal cord We made no study of the nervous system, but found that the knees 
remained stiff after death, and in Exp 9 we studied the effect of removing the 
muscle crossing the knee joint This lessened the stiffness m ten cases but left it 
unaffected in nine We are thus disinclined to regard the condition as wholly of 
central nervous origin In the next section we shall describe a swelling of the soft 
tissues of the shank, with degeneration of the muscles and their replacement by 
a mass of hyperplastic connective tissue This condition would certainly help to 
prevent active movement of the limbs and in extreme cases the connective tissue, 
Jjy packing around the joint and thickening its capsule, may have lessened freedom 
of movement The articular surfaces themselves nearly always appeared normal 
An attempt to correlate stiffness of the knees with pathological changes in the 
musculature has an indefinite result In the animals more severely affected by the 
partial deficiency, there were such characteristic scorbutic changes as haemorrhages 
about the knee and even into the joint cavity, and this doubtless contributed to the 


We incline to the view that stiffness is caused locally lather than in the central 
nervous system, and that a number of histological changes contribute, these ^ 

degenerative and oedematous changes in the muscles, and the formation of hyper- 
plastic connective tissue at and around the joint 
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MUSCLE DEGENERATION AND CONNECTIVE TISSUE HYPERPLASIA 

AVhen gumea-pigs m ^\hich a fibula had been fraetnired and nhich had been kept for 
long periods (up to 4 months) on diets deficient in ntamm C -nere killed, it v,as 
frequently noticed that one or both posterior limbs m ere siroUen m the shank region, 
with tightlj dra-n-n skin, a change nhich did not occur m dietetically normal controls 
On dissection, the flesh had a curious gelatinous feel and it n as difficult to separate 
the muscles from one another, often the}’' seemed to have been replaced by a tissue 
of a different character 

Structure of the altered tissue 

The altered tissue was studied in Exps 3-6 Transi erse sections of the sn oUen 
shank regions of animals from the partially vitamin C-deficient groups showed that 
there had been a great increase in the amount of loose connective tissue vhich, in 
severe cases, had largely replaced the muscles (PI 4, figs 15, 16) In animals kept 
for such long periods as 3 months after the operation this tissue had the follow ing 
eharacter The cells present were almost all of one kmd, and resembled fibroblasts 
The mterceUular tissue components w ere a fibnllar framework and the tissue fluid 
The fibrillar framework varied a good deal in character The fibrils were extremely 
fine, and w ere often so knitted or matted together as to form the membranous w alls 
of a honeycomb system, in the multitudinous, and of course commumcatmg, 
cavities of which was the tissue fluid (PI 5, fig 23) The picture was remmiscent of 
an argyrophil reticulum rather than of a mature areolar connective tissue with its 
interlacing collagen fibres as its dominant feature The fibrils stained black wuth 
Wilder’s silver method, except for the I’-ery finest, w hich w e did not succeed in staining 
at all but made visible by mounting in ‘Euparal’ The fibrils took only a weak blue 
colour wnth Azan and did not stain wnth van Gieson As weU as this architecture of 
extremely fine fibrils, collagen fibres w ere often also present, and might be a prominent 
feature in the histological picture 

Besides the formation of the hjqierplastic connective tissue replacing the muscles, 
the normal connective tissue structures, such as fascia and the fibrous layers of 
periosteum, tended to break down Fasciae might become completely unrecognizable 
The fibrous layers of periosteum nevmr broke down completely, but areas could be 
found in which the limiting fibrous membrane between the osteogenic tissue and the 
surroimding hyperplastic connectiv’e tissue had suffered dissolution, leavung no 
histologically recognizable barrier between them (PI 4, fig 17) A similar fate might 
befall the interosseous ligament betw een the tibia and fibula, and e\ en tendons 

When muscles w ere present m the section, depending in part on whether or not 
they were removed at dissection, they might be normal On the other hand, thej 
w ere often oedematous, the fibres not being packed closely together as in a normal 
muscle, but hanng wide spaces between them The connective tissue framework of 
the muscle might be increased in quantity, as though the muscle w ere being mv aded 
by the extra-muscular connectiv e tissue, or its own connectiv e tissue proliferating 
The muscle fibres had often shrunk away from their envelopes and had lost their 
characteristic internal structure, the mj ofibrils being fused into a homogeneous mass 

In places, groups of more or less isolated muscle fibres might be seen wandering 
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through the hyperplastic connective tissue by which they were surrounded and 
separated from one another Such muscle fibres usually seemed to have retained 
W shovang nuclei and striations, but were very small, often extremely 

so We find It very difficult to decide whether they were fibres in process of destruction 

by atrophy or regenerating fibres which had failed to grow to anything like tlieir 
normal final size s ^ ^ cji 


Vascularization of the hyperplastic connective tissue was always poor, vessels 
were few and often without blood corpuscles, especially the arteries Arteries nere 
frequently seen to have their lumma partially or completely blocked by thickening 
and vacuolation of the endothelium (see below) Often, but by no means always, 
large numbers of red blood corpuscles could be seen lying in the tissue spaces of large 
areas of the connective tissue 


Development of hyperplastic connective tissue 

The origm and development of this tissue was studied in Exp 9, in which sixteen 
young guinea-pigs on a partially vitamin C-deficient diet were killed after fracture of 
thp fibula at intervals given in Table 1 Transverse serial sections were cut across the 
operated limbs, above and below the site of fracture, and a few longitudinal senes 
were also made 


There was little or no hyperplasia of the connective tissue in animals killed at 
3 days after the fracture, but its formation had begun at 5 days, was more obvious 
at 8 days, and was large in the animals killed at 11 days and later 

The formation of the new tissue ivas closely bound up with degenerative changes m 
the muscle These were seen in the animals killed at 3, 5 and 8 days after the operation, 
and in one killed at 11 days In animals killed later, muscular degeneration was much 
less apparent, but much muscle had disappeared These changes resulted in the total 
destruction, so far as could be seen in transverse sections, of manj'^ or all of the muscle 
fibres in entne muscles The earliest recognizable departure from the normal was an 
oedema of the muscles in which the fascicles, and also individual muscle fibres. 


became widely separated from one another (PI 5, fig 18) So far, the individual 
muscle fibres appeared normal This simple oedema ivas seen especially in the earlier 
killed animals, but was also to be seen much later, it could be, but was not necessarily. 


a prelude to the destructive changes next to be described These began with a loss of 
nuclei and a disappearance of the fibrillar structure of the muscle fibres (PI 5, fig 19) 
It was difficult to determine exactly what happened to the nuclei, they were cither 
present and apparently normal, or absent They did not become pycnotic, for sucli 
a change would have been easily recognizable, and ive think some of them disap- 
peared by a progressive loss of their staining power In less injured muscle fibres, the 
nuclei survived and might later take part in ivhat little regeneration occurred Tlie 
loss of fibrillar structure appeared as a fusion of the fibrils, making the fibres appear 
homogeneous in cross-section This change was often accompanied by an increase in 
the diameter of the fibre and by a development of vacuoles, these appeared firs as 
many tiny droplets, giving the cross-section of the fibre a pitted appearance ( o, 
fig 20) Later, the droplets might coalesce and form a large central cavity by v iwh 
tL fibre might be bloivn out to a very large size Vacuolation of the fib 
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common but not universal, a great many fibres acquired a ‘flufiy ’ appearance and 
broke up into irregular fragments Even in muscles m v hich most of the fibres -were 
undergoing these changes, a few fibres here and there often seemed to remain normal 
f^Tiile muscle fibres ivere degenerating, the muscles were invaded by cells from 
without Blost of these vere rather large cells nith much cytoplasm and oval or 
indented nuclei, of the type of mononuclear vandering cells Mitotic figures vere 
common among them They were found m large compact masses, having a pseudo- 
epithelial appearance, in the peripheral parts of the sections In life, these groups 
must have been close beneath the skin From the masses, it was easy to trace 
migration of the cells to the muscles, into nhich they penetrated Within the muscles, 
they applied themselves to the surfaces of the degenerating muscle fibres, and gave 
every appearance of being engaged in their destruction (PI 5, fig 21) Multinueleate 
giant cells v ere also present, and similarly appeared to be engaged in attacking the 
degenerate fibres At a somewhat later stage the muscle fibres, or many of them, had 
disappeared, vhile their endomysial or sarcolemmal envelopes persisted as empty 
tubes whose vails no longer gave with Azan the blue reaction so brilliantly seen in 
neighbouring normal muscles The wandering cells could often be seen in occupation 
of these tubes in place of the original o-wners (PI 5, fig 22) 

Mfiiile the destruction of muscle fibres was in progress, there was an increase in the 
fibroblasts betv een them This was brought about partly by multiplication of cells in 
the original connective tissue of the muscle and partly, we suppose, by transforma- 
tion of the V andenng cells Up to 8 days after the operation, degenerating muscles 
infiltrated by wandering cells are a predominant feature in the histological picture, 
while increase m the connective tissue is not yet striking, but from 11 days onwards 
such gross degenerative changes are scarce or absent while the striking histological 
feature is the great masses of young connective tissue cells occupying areas vhich had 
evidently been muscular, and m vhich traces of the envelopes of muscle fibres could 
often easily be seen In such regions, the fibroblasts of the new connective tissue 
seem at first comparatively scarce, but there are mitotic figures among them They 
multiply, and as they do so a delicate fibrillar reticulum forms, replacing the old 
architecture of the destroyed muscle, and this soon becomes unrecognizable 

At the same time, fibroblasts of the intermuscular connective tissues also pro- 
liferate and so contribute to the developing mass of new connective tissue 

A second mode of formation of the connective tissue w as by proliferation of the 
fibroblasts between the muscle fibres of oedematous muscles whose fibres did not 
degenerate as described above but, w e believe, w ere reduced m size and number by 
an atrophy wdiich ended in the disappearance of many fibres 

Still a third mode of origin of the new tissue was by the organization of exudates, 
w Inch w ere commonlj'^ found m the intermuscular connective tissue By the penetra- 
tion of fibroblasts into such exudates, they were built up into parts of the general 
connective tissue 

It w as impossible to tell how much of the hyperplastic connectn e tissue formed by 
each of these modes of origin, because the final result was m each case the same, but 
the largest contribution w as certainly made by the destruction of muscle fibres and 
their replacement by connectn e tissue 

The connective tissue, formed as just described, did not, within the limits of the 
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with the fuUy formed hyperplastic connective tissue vhich we have described in 
material fixed soine 3 months after the operation Large parts of it are much more 
densely cellular than it later becomes, and the honeycomb-hke architecture, seen 
in the older material, has not yet developed, the fibrillar framework makmcr a miicli 
more open net-work ^ 


Regene) ahon of muscle fihes 

In the developing hyperplastic connective tissue one could very often sec a 
number of very small muscle fibres, wandering in an apparently undirected manner 
Many of these were undoubtedly regenerating muscle fibres, for they shoved multi- 
nucleate regeneration buds, but we suspect that some were fibres in course of atrophj 
The regenerates, even in animals which lived for 3 months or more after the operation, 
remained very much smaller than normal fibres and were few in number, nothing 
suggested that any more complete regeneration of muscle fibres occurred, such as 
was described by Le Gros Clark & Blomfield (1945), and as we found in our 
dietetically normal animals If such extensn^'e regeneration had occurred m the 
dietetically partially deficient animals, the observations described above, of tlic 
replacement of large areas of muscle by connective tissue, could not have been made 


Comparison with dietetically normal animals 

The changes described above in animals on diets partially deficient m vitamin C 
were also seen in those on fully supplemented diets (Exp 1, and group 1 of Exps 3-C), 
but there was a great quantitative difference 

In the three dietetically normal animals killed on the 1st, 2nd and 3rd days after 
the fracture, a considerable number of changed muscle fibres vere found These 
fibres showed loss of nuclei, loss of striations, and loss of myoBbnls, giving the fibres 
a homogeneous appearance Some fibres suffered fragmentation Tlie muscles vert 
oedematous and there was an extensive polymorph infiltration Wliethci tlicrc was 
markedly less of these changes in the first 3 days than was to be seen in the two 
partially deficient animals killed at 3 days, it is difficult to say 

In the animal killed at 4 days after the fracture, the polymorph infiltration ivas 
much less, there was more than the normal amount of connective tissue and this was 
very cellular and obviously recently formed Since regenerating muscle fibres were 
present in it, it had evidently formed in place of destroyed muscle tissue 

In the legs of the remaining animals killed during the first 16 days after the fracture, 
muscle fibres undergoing degeneration were rare, but regenerating fibres were lery 
numerous, growing through areas of young connective tissue 

We have little doubt that the amount of muscle tissue which was destroyed after 
suffering injury at the operation was much less m the dietetically normal animals than 
in the partially deficient, but no quantitative estimate was possible It is certainiv 
true that the amount of hyperplastic connective tissue formed m the limbs of the 
partially deflcient animals was very much greater than in those on the normal ditt, 
this d.ffLnce must evidently reflect either a greater quantity of muscle deslroj I 
m the partially deflcient animals, or a greater quantity regenerated in the normals, 

or most probably both 
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In dietetically normal animals killed 3 months or more after the operation, there 
was little or no cdnnective tissue beyond the normal, and no regeneration in progress, 
the injured fibres had, apparentl}'-, long since been restored to the normal condition 
This was, of course, m sharp contrast mth the partially deficient ammals m which 
the hj'perplastic connective tissue v as, at correspondmg times, at its fullest develop- 
ment, in vhich there had been \eTy much less regeneration of muscle fibres, and in 
which such regenerates as did occur failed to attain anji;hmg like the normal size 


Aetiology 

It IS natural to attribute the oedema, the exudates, and the muscular degenerations, 
to the injurjv inflicted by the fracture forceps This is supported by the following 
figures 

In Exp 9, in which we studied the development of the connective tissue hj^per- 
plasia, kiUmg sixteen animals at vanous times after the operation, if the formation 
of the hj’perplasia were a consequence of the operation, it would not be expected to 
occur until several days after it This was the case, for it had not appeared m animals 
killed at 3 days, was beginnmg in those kiUed at 5 and 8 days, but was large at and 
after 11 days 

Again, if the hjqierplasia were a result of the operation, it should have occurred 
in the operated and not m the unoperated limbs Of the sixteen ammals in Exp 9, 
thirteen showed hyperplasia in the operated leg, and the remaining three, which 
w ere those killed at 3 days after the operation, show ed in the muscles of the operated 
legs the changes which precede the formation of hyperplastic connective tissue 
Of the sixteen unoperated legs, thirteen showed no sign of hyperplasia, while some 
hjvperplasia was present in three (19 %) In two of these it was much less than on 
the operated side In Exps 5 and 6, mneteen ammals on partially deficient diets 
suffered the operation on one side There was formation of hjqierplastic connecti\e 
tissue in at least seven of the nineteen operated legs (37 %) In the same experiments, 
eight other ammals w ere similarly dieted but not operated (groups 5 and 6) Among the 
thirty-five legs, made up of two from each of these eight and of the nineteen unoperated 
legs of the ammals mentioned above, connective tissue hjqierplasia developed m at 
least eight (23 %) In Exps 3 and 4, which included nineteen animals kept on diets 
partially deficient in vitamin C, some connective tissue hjvperplasia occurred m at 
least eight out of twentj -six operated legs (31 %), and in at least one out of twelve 
legs which w ere not operated (8 %) In this experiment the operation was performed 
2 weeks before the diet was made partiaUy deficient in ^^tamm C, and durmg this 
period repair was proceeding on a fully supplemented diet, nevertheless, the partial 
deficiencjv, late though it began, had the effect just stated 

We conclude that (1) the connectne tissue hj-perplasia developed more readih in 
operated than in unoperated legs, but (2) it could dei elop in legs which had suffered 
no operatn e interference 

The hj’perplasia never dev eloped in the legs of ammals recen mg 10 mg of ascorbic 
acid daily 

The endence clearh points to an inabilitj of the musculature of the partiallj 
1 itanun C-deficient guinea-pigs to regenerate after injurj , and probablj indicates 
Anatomj 83 jo 
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hyperplasia m unoperaled limbs’ The only answer we can make to this ,s to suggest 
that the muscles, which the v.tamm deftciency has made more liable to injurtrcan 

e so affected by traumatic agents, which would have much less effeet on normal 
limbs, as to bring about the changes which we desonbed above Possible occasions 
ot such injury were the animals’ kieking during the taking of radiograplis, in liandhng 
during administration of ascorbic acid, etc 

We have examined the blood vessels m sections through the legs of partiall)^ 
vitamin C-deficient and dietetically normal animals In the operated legs of partiall)’ 
dehcient animals the arteries especially were affected The changes could be recog- 
nized in the animals killed at 8 days, and were seen m full development m those killed 
at 5 days At this time, and later, many of the vessels were empty of corpuscles, or 
nearly so, especially the arteries Again, chiefly m the arteries, the endothelial cells 
were swollen by vacuoles developed m the basal parts of the cells, between the nuclei 
and the internal elastic membrane The vacuoles cause the cells to project into tlie 
lumen of the vessel (PI, 5, figs 24, 25) Small arteries may be blocked by projecting, 
and even desquamated, endothelial cells Delicate strands seen in the sections crossing 
the lumen from side to side were difficult to interpret with certainty, they seemed to 
be the walls of very greatly expanded endothelial vacuoles Vacuoles might also 
appear beneath the internal elastic membrane and among the smooth muscle fibres 
Occasionally, the vacuolation here became so intense that the muscle fibres vere 
loosened up and separated fiom one another (PI 5, fig 26), rarely, the disintegration 
process might go so far as a complete breakdown of the cross-section of the vessel 
(PI 5, fig 27), which might then be histologically recognizable only by tracing 
a connexion, tlirough serial sections, with its more normal parts The veins usually 
appeared normal, and contained blood, with vacuolate and swollen endothelium 
Lymphatics were numerous and often greatly expanded, mitotic figures were often 
seen in their Avails 

Examination of the blood vessels in those legs of guinea-pigs Avhicli Avere killed or 
died at times ranging up to 3 or 4 months after the operation, and AvhicIi shon ed 
hyperplasia of the connective tissue, also showed that the conditions just described 
in animals killed during the first 18 days after the operation had persisted The hyper- 
plastic connective tissue Avas ahvays nearly avascular, and most of the blood vessels 
(especially the arteries) m or near it Avere empty or nearly so, with vacuoMe and 
swollen endothelium Wlien, on the other hand, there Avas no development of hyper- 
plastic connective tissue, the blood vessels v'^ere normal 

Comparison with the operated legs of dietetically normal animals, and especiallA 
with those killed m the first 3 weeks, slioAved that it nould be almost true to say that 
the vascular changes just described did not occur in these animals In some specimens, 
however, especially in those whose legs showed any large accumulation of connectn c 
tissue, empty vessels, especially arteries, Avitli vacuolate endothelium, could be found 
But this was far less frequent than m the partially deficient animals and, nhen 

" do not enable us to decide n hether the partial defieienc, 

of — trpLanting adequate regeneration of injured muscles and causing 
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their replacement by connectn e tissues, acted directly, by increasmg the sensitmtj' 
of muscle fibres to injury and/or by reducing their power of recoverj and regeneration, 
or indirectly, as b}’' causing interference mth the vascular supply Le Gros Clark & 
Blomfield (1945) found that interruption of the arterial supply to the muscles of 
otherwise normal animals led to degeneration of the muscle fibres and their tem- 
porary replacement bj connective tissue, when an adequate collateral blood supply 
had been established, regeneration re-established the muscle and the excess con- 
nectiie tissue melted awaj' This suggests that the primary effect, in our partially 
deficient animals, may hai e been on the blood vessels The use of the fracture forceps 
in the operation inevitably injured the muscles by squeezing them, causing hae- 
morrhages bj’’ rupturing capillaries and other vessels Haemorrhagic areas are verj'' 
common in the muscles of our partiaUv deficient animals, but the degenerative 
changes w e have described often occurred in their absence The vascular stagnation 
resultmg from the rupture of manj' small vessels, and the oedematous condition of 
the muscles, might be expected to cause such anoxaemia as w as presumably respon- 
sible for the muscular degeneration in Le Gros Clark & Blorhfield’s experiments, and 
might also take the blame for the closely similar changes in our material How ever 
this may be, the blood vessels or at least the arteries, are apparently more liable to 
injury in the partially deficient animals than m the dietetically normal controls 
Jleyer, in scorbutic animals, mentions changes in blood vessels similar to those we 
have described, but unrelated to anj’’ known injury and to hjqierplastic connectn e 
tissue 

Our guinea-pigs were not supplied with any special supplement of vitamin E, and 
a number of authors (Einarson & Rmgsted, 1938, Evans & Burr, 1928, E%ans, 
Emerson & Tellord, 1938, Olcott, 1988, Pappenheimer, 1939, 1943) ha\e described 
degenerative muscular changes, m %arious species, when deprned of this vitamm 
In some respects the changes described above resemble these descriptions, and the 
question arises whether the changes in our vitamin C-partially deficient animals 
could have been due to lack rather of vitamm E than of vitamin C A number of 
facts tell against this idea First, the changes in our material were local, whereas 
those caused by -satamin E deficiency are w idely spread through practically the w hole 
skeletal musculature Secondlj, authors describing the muscles in vitamin E 
deficiene3’^ do not mention the w holesale local replacement of muscles bj' hjqierplastic 
connective tissue Thirdly, and most convincingly, ascorbic acid protected our 
animals against the changes w e have described, and w ould not do so against those 
of vitamin E deficiencj" 


SUMAIARY 

1 In partial vitamin C deficiencj’’ the formation of callus at fractures of the fibula 
was slower, and the amount of callus formed was at first less than in dieteticallj 
normal animals 

2 TOiereas in normal animals the callus later consolidated into compact bone bA 
thickening of the trabeculae, in the partiall} deficient animals this did not occur, 
the callus might become extremelj extensile, coiering the whole diaphj^sis (see 
the second paper of this series), but alwais retained a lighth built, trabecular 
structure 
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muscle fibres degenerated In dietetically normal animals they quickly regenerated 
In partia ly vitamin C-defleient animals, much more muscle degenerated than m 
letetically normal animals, and the muscular tissue so lost was replaced by larac 
masses of hyperplastic connective tissue and did not regenerate A large part of the 
imb musculature might thus disappear The process of degeneration of the muscle 
fibres, and the development of the hyperplastic connective tissue, aie described 
5 The degeneration of muscles and their replacement by liyperplastic conncctne 
tissue occurred more readily in operated legs (in which the muscles uere certainly 
damaged) than in unoperated, but it was also seen in unoperated limbs, though less 
frequently It is suggested that the muscles of partially vitamin C-deficient animals 
are more liable to injury than those of normal animals, and can he damaged by 
traumatic agents ivhich do not affect those of normals Possible occasions of such 
injury were the animal’s kicking when being anaesthetized before radiograplis uere 
taken 


6 The hyperplastic connective tissue was always avascular or nearly so Examina- 
tion of the blood vessels, during the period of muscle degeneration, slioued ab- 
normalities especially in the arteries, and these are described TJic vessels v ere found 
to be m the same condition in the hyperplastic connective tissue of animals ivhich 
lived for months after the operation The evidence does not permit us to say v hcthci 
the replacement of muscles by connective tissue reflected a direct effect of the jmrtial 
deficiency of vitamin C on the muscle fibres and their ability to regenerate, or an 
indirect effect through the blood vessels, a certain resemblance of the histological 
picture to that described by Le Gros Clark & Blorafield, after experimental inter- 
ruption of the arterial supply, suggests the latter 
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EXPLANATION OF PLATES 

List of abbreviations used in plates cal callus, carl cartdage, fib fibular, 

/rad position of fracture n b new bone, pen penosteum, tib tibia e' 

Plate 1 

Fig 1 Normal ammal Stages m the repair of the ftactured fibula, from Exp 6, group 1 

Fig 2 Partially ntamm C deficient ammal Stages m the repair of the fractured fibula , from Exp 6, 
group 4 

Fig 3 Normal ammal Stages m the repair of the fractured fibula from Exp 5, group 1 

Fig 4 Partially vitamm C deficient animal Stages m the repair of the fractured fibula, from Exp 5, 
group 3 

Plate 2 

Fig 6 Normal ammal Fibula, 9th daj after fracture, showing cartdage (lower nght) m the developing 
callus Giemsa x 35 From Exp 1 

Fig 6 Normal animal Fibula 9th daj after Cracturc No callus at fracture but new bone on fibula at 
some distance from it, and on tibia Tibia and its marrow on left Haematoxylm and eosm x 17 
From Exp 1 

Fig 7 Normal ammal Fibula Mth day after fracture, showmg callus Azan x38 From Exp 1 

Fig 8 Normal ammal Fibula 16th dai after fracture Haematoxylm and eosm x 25 From Exp 1 

Plate 3 

Fig 9 Normal animal Fibula 101st dax after fracture Bracket mdicatcs consolidated callus Hae 
matoxx Im and eosm x 24 From Exp 6, group 1 

Fig 10 Partiallj vitamm C deficient ammal Fibula Mth day after operation 40th dax of experiment 
Extensive resorption and no callus at site of fracture new subperiosteal bone forming on both 
stumps 4zan x 27 From Exp 9 

Fig 11 Partially xutamm C deficient ammal Fibula, 18th da} after fracture and 45th day of experiment 
Azin X 58 From Lxp 5, group 4 
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Fig 12 Partially Titamm'O deficient animal Pibula and 
day of experiment Haematoxyhn and eosin x 12 
Fig 13 Partially vitanun C deficient ammal Fibula and 
day of experiment Haematoxylm and eosm x 15 


part of tibia, 61st day after fracture and 85th 
From Exp 6, group 4 

part of tibia, 93rd day after operation, 120th 
From Exp 5, group 4 


Plate 4 

Fig 14 Partially vitamm C deficient ammal Fibula and part of tibia (right), 81st day after operation, 
66th day of expenmental diets Haematoxyhn and eosm x20 From Exp 4, group 4 
Fig 15 Partially vitamm C deficient ammal Part of transverse section of shanh, shoinng hj'pcrplnstic 
connective tissue, 102nd day after operation and 87th day of expenmental diets Haematoxyhn and 
eosm X 17 From Exp 3, group 3 

Fig 16 From the same specimen as fig 15, showing hyperplastic connective tissue Azan x 60 
Fi^ Partially vitamm C deficient ammal, Slst day after operation, 67th day after beginning expcn 
mental diets An area of tibial surface where the penosteum has dissolved m the surrounding 
h3iperpla8tic connective tissue Haematoxylm and eosm x 175 From Exp 4, group 4 


Plate 5 

Fig 18 Partially vitamm C deficient ammal An oedematous muscle, and, below, the fibular periosteum, 
4th day after operation and 29th day of experiment Haematoxylm and eosm x 135 From Exp 9 
Fig 19 Partially vitamm C deficient ammal Early degeneration of muscle fibres whicli sliow neither 
nuclei nor myofibrils, 4th day after operation, 29th day of expenment Haematoxylm and eosm 
x580 From Exp 9 

Fig 20 Partially vitamm C deficient ammal Degenerating muscle fibres showing ‘pitting’ by small 
vacuoles, and fragmentation of fibres, 6th day after operation, Slst day of experiment Aznn 
X 600 From Exp 9 

Fig 21 Partially vitamm C deficient ammal Degenerating muscle fibres under attack by mono and 
multi nucleate cells, 6th day after operation and Slst day of experiment Azan x 440 From Exp 9 
Fig 22 Partially vitamm C deficient ammal Empty envelopes of muscle fibres occupied hj uandcring 
cells, 6th day after operation, 3l8t day of expenment Haematoxylm and eosm x575 FromE\p 0 
Fig 23 Partially vitamm C deficient ammal The hyperplastic connective tissue, from the same specimen 
as fig 16 Azan x 745 From Exp 3, group 3 

Fig 24 Partially vitamm G deficient ammal An arteiy inth vacuolation of the endothelium, 12th day 
after operation, 37th day of experiment Haematoxylm and eosm x 210 From Exp 9 
Fig 25 Partially vitamm C deficient ammal An artery with vacuolate and thickened endothelium, 
4th day after operation, 29th day of expenment Haematoxylm and eosm x 210 From Exp 9 
Fig 26 Partially vitamin C deficient ammal An artery showing vacuolation m both endothelium and 
connective tissue of the wall, 19th day after operation, 44th day of experiment Haematoxylm and 

eosm X 210 From Exp 9 , 1 1 i 

Fig 27 Partially vitamm C deficient ammal Remams of a degenerate artery, only recognizable by 
tracmg through senal sections, 15th day after operation, 40th day of experiment Haematoxyhn 
and eosm x 210 From Exp 9 
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REVIEWS 

Human Emhyologtj and Morphology By Sir Arthur Keith 6th ed (Pp m, 4 . 

690, 578 figures, demy 8vo, 40^ net ) London Edward Arnold and Co ‘ 

fndlSlh'’ well-knonn book on MorphologN 

and Embryologjr compares it with the 1st edition of 1901 He notes that in tlie intm cn.rrr 

embryological and morphological research has shifted from German> to 
he United States, and he generously acknowledges the debt that the book ones to'the 
Carnegie Laboratory m Baltimore It is a pleasure to notice too his recognition of tlie 
mmense amount of ongmal work that constitutes Prof Frazer’s Manual of Embruoh’^v, 
to which also the present book owes much 

Sir Arthur gives an interesting review of his own changed attitude nitli regard to the 
teachmg of Embryology At one time ‘chmcal utihty was the cntenon employed’, but non 
ever 5 'thing which seemed to throw new light on our understanding of the human body n ns 
welcomed to my pages ’ But he has remained firm in his guiding principle ‘ that Embryologj 
becomes a profitable study only when we interpret its events in the light of evolution ’ 

This principle has clearly been adhered to, for almost no matter where one opens the book 
a reference is found to lower vertebrates 

The book is hardly recogmzable as the cluld born m 1901 Like the rest of us it has 
suffered from the war, and the binding, paper and pnnt though surpnsingly good arc not 
equal to those of the 1st edition Tlie greatest change is in the ‘Notes and References’ 
appended to each chapter, and these are even increased from tlie 5tli edition of 1903, 
comprising now nearly 50 pages of close-set type Still, there are familiar features, the 
same friendly conversational style of ivriting, the same technique of line and stipple in the 
figures, many of the original blocks still being used 

Many of the figures have been borrowed, and not all lend themselves to the style of 
technique referred to Several of the figures are printed so darkly tliat it is hard to make 
out the points they are meant to illustrate 

The book brings to mmd the question as to how far students are prepared to read outside 
their set books If they are so inclined, here is the book to show them vhcrc to brousc, 
but, the curriculum being what it is and the tendency being to cut doum to a bare minimum 
the time allotted to Anatomy, it is doubtful if many of them will have time to reap the rich 
harvest that Sir Arthur has prepared for them There vail be many sources of information 
that the students’ teachers may have overlooked, but I suggest there arc feu important 
papers that have escaped Sir Arthur’s comb He is to be congratulated on the care uith 
which he has ensured that the book shall be up to date The task of collecting such a mill 1 1 
tude of references is one winch many a younger man uould have shirked, but Sir Arthur 
has not only achieved this but has found the time and energy to give us his mm opinions on 
many points, and has not hesitated to shou us how these have changed with the jiassagc 
of time and m face of new facts 

The cluld of 1901 has now become a book of reference that may be profitablj studied 
both by students and their teachers ^ 


Living Anatomy A Photographic Atlas of Muscles in Action and Surface Conionii 
By R D Lockhart, M D , Ch M (Pp 71, 149 figures, royal 8vo, 129 Cd ) 

London Faber and Faber 
The aim of this book ‘to awaken the student's 

muscles in action in the hving body ^ selecting examples vherc the 

photography of a dynamic subject is not easy, but bj selecting 
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muscles are jn isometnc contraction, the author has presented the subject well A brief 
description is given mth most of the 149 photographs and the student should have httle 
difficulty in recognizing similar features m his fellows and himself 

A fen of the positions adopted by the subjects are unusual and it would ha^ e been 
better to omit them The inclusion of Harvej’s evpenments to demonstrate the action of 
valves m veins is an excellent contribution, but the photographs should he placed m the 
book so as to give the impression of the action of gravity 

The photograph j is, on the nhole, so good that isolated pictures nhich are not perfect 
stand out in contrast This is particularly noticeable m Fig 35 where, m spite of the 
author’s nanung in the Introduction, the loner border of the trapezius is shown runmng 
in the direction of the acromion process 

The book is northy of its aim and should be ver}' useful to medical students and others 
nho must be able to recognize muscle acti\’ity in the hving 

J WHILLIS 
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IN MEMORIAM 


CHARLES JOSEPH PATTEN, MA, MD, ScD, FRAI 
Emenius Professor of Anatomy, Vmvers^ity of Sheffield 

Charles Joseph Patten died on 13 June 1948, after a very brief illness, at his home m 
Farnham, Surrey, where he had moved from Sheffield only a year previously In lus 
later years he suffered from a severe affection of his eyes By his death the Anatomical 
Society has lost one of its oldest members He was the son of Richard Patten, of the 
Court of Exchequer, Ireland, and was born at Ballybrack, Co Dublin, m 1870 
Patten was educated at the High School, Dublin and later at Trinity College, Dublin, 
where he took a triple first in the Senior Moderatorship with a gold medal m Natural 
Science He graduated in 1896 and became a Demonstrator in Anatomy in Cunning- 
ham s department at Trinity College His research during his tenure of this office 
included studies of the topographical relations and surface anatomy of the heart, 
lungs and pleural cavities 

In 1901 he was elected Professor of Anatomy in the University of Sheffield (then 
a university college) in succession to Christopher Addison, noiv Lord Addison of 
Stallingborough On retirement from his chair in 1985 he was given the title of 
Professor Emeritus At Sheffield he developed the beautiful museum in the Anatomy 
department, his anatomical studies, on which he contributed many papers to tlic 
meetings of the Anatomical Society, were mainly in the field of physical antliropology, 
particularly variations m the osteology of the skull in primates and anomalies in 
human myology He took a keen interest in finding the best methods for tlie pre- 
servation of the cadaver, lus ‘dry-tank’ preservation has stood the exacting test of 
time But his greatest interest over many years xvas the study of bird life and it v as 
as an ornithologist that he became best kno\vn to the general public through Ins 
writings, lectures and broadcasts Before leaving Sheffield he gave his excellent 
collection of bird skins to the Weston Park Museum, Sheffield He had a great 
affection for birds and studied them mainly as a naturalist, it was their wa>s and 


habits, their nesting and particularly the problem of their migration that appealed 
most to him He spent many weeks during university vacations in the off-shore 
lighthouses around the Irish coast studying bird migration and he urote numerous 
papers and two books on bird life, one of which The Aquatw Birds of Great Britain, 
published m 1912, is a standard work 

Patten acted as external examiner in anatomy at various times in the Universities 
of Wales, Birmingham, Leeds and Manchester and the Queen’s University of Belfast 

Most notable of Patten’s qualities were his imperturbable cheerfulness. Ins generosity, 

tolerance, ready help and pronounced sense of humour He had the gift of excellent 
mimicry and his lectures were enriched by lus imitation of the sound and song of 
numerous birds He was a devoted disciple of Charles Danvm vhom he 
worshipped He will be missed by a wide circle of friends He married Mabel 
Elizabeth, daughter of Canon W J King, and is survived by h.s ludou and a son 
and daughter, to whom we extend our deepest sjmipathy 
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ARTHUR ROBINSON, D , F R C S Edin and Eng , LL D 

1862-1948 

Emeritus Prof Arthur Robinson, ivho occupied the Chair of Anatomy in the 
University of Edinburgh from 1909 to 1931, died at Eastbourne on 3 December 
1948, aged 86 

Arthur Robinson was born at Manchester in 1862, and he graduated M B , C , 
^vlth honours, at Edinburgh m 1883 After a brief apprenticeship m the teaching of 
Anatomy at Surgeons’ Hall, he was appointed Demonstrator in the Umiersity 
Department by Prof Turner Next year he accepted a call to Owens College, 
Jlanchester, as Assistant to Prof Jlorison Watson, and in 1888 he became Senior 
Demonstrator and, later. Lecturer in the Victoria University under Prof A H 
Young 

The 70’s and 80’s were indeed vintage years for Edinburgh anatomists Robinson 
himself (graduating tw o years before Harold J Stiles — a surgeon-anatomist of the 
first rank) came in the midst and was the last survi\ or of an unparalleled group that 
included Monson Watson, J H Scott, D J Cunningham, A. H Young, Johnson 
Symington, Arthur Thomson, Da\nd Hepburn, A M Paterson, J T Wilson, Robert 
Howden, James Musgrove, T H Bryce and Edisard Fawcett — all of them Turner’s 
Assistants and all of them professors in due season 

In 1896 the Jledical School of The Middlesex Hospital decided to appoint a whole- 
time Lecturer to succeed Bland Sutton, and Robinson, with the reputation he had 
made in Manchester as teacher and investigator, was selected for that new post 
His success in reorganizing and extending the Department at The Middlesex Hospital 
led to his appointment four years later to the Chair of Anatomy' in King’s College, 
and at similar short intervals he moved on — ^first, in 1905, to the Univ-ersity of 
Birmingham (vhere he Mas also Sub-Dean of the Faculty' of Medicine), and finally 
to Edinburgh in 1909 to occupy' the Chair left vacant by' the early death of D J 
Cunningham In all these posts, while continuing to investigate problems in his 
chosen fields of research, he abundantly displayed bis admimstrative talent and his 
poM ers as a teacher 

In London, Robinson not only' added to his reputation as an effective teacher — ^his 
classes in preparation for the ‘ Primary Fellowship Examination’ spread his fame far 
and wide — but he also took an active part in the development of anatomical teaching 
in relation to the Univ ersity of London He served as Secretary' of the Board of 
Intermediate ^ledical Studies, and he Mas particularly' concerned with the move- 
ment that resulted in the formation of the Board of Studies m Human Anatomy 
and JIorpholog^ by the Univ'ersitv' Senate 

Robinson’s association with Turner, who had himself made numerous contri- 
butions to the subject of placentation, and with A H Young, vnth whom he 
collaborated in seieral morphological studies, doubtless influenced his choice of 
Comparatne Embry ologv' and Vascular Morphologv' for his principal researches 
During his JIanchester period he Mas activelv engaged in both of these fields as the 
list of his published papers testifies, in addition to other developmental and morpho- 
logical studies His first paper appeared m 1887, and m 1890 he Mas aMarded the 
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f University of Edinburgh for Ins M D thesis ‘ Obsei^ at.ons on the 
development of two rodents’ His interest in the development and morphology of 

recognized as an arthority, dates from 1891, vhcn he 
contributed a paper to the first volume of Studies in Anatomy from Owens College 
But the outstanding papers of the Manchester period are the two that appearcd'in 
the J m%ci Sci on early developmental stages These papers gave him Ins 

initial reputation as an embryologist, and it may be noted that he vas asked m 

1894 to give a Course of Lectures on Comparative Embryology as deputy for JMilncs 
Marshall 


That reputation was firmly established by his better-known work on the Com- 
parative Anatomy of the Placenta (J Anai , Lotid , 1904, 38), based on three 
lectures which he delivered m 1903 as Hunterian Professor of the Royal College of 
Surgeons of England 

In 1898 Robinson contributed several chapters to the second edition of the text- 
book edited by Henry Morns of the Middlesex. Hospital, and in 1902 he resumed his 
collaboration with A H Young by contributing with him to the first edition of the 
Text-Book of Anatomy edited by D J Cunningham, in which they appeared as 
joint-authors of the Sections on ‘General Embryology’ and the ‘Vascular System’ 
When Robinson succeeded Cunningham m the Edinburgh Chair he also succeeded 
him as editor of the Text-Book and became responsible, too, for successive editions 
of Cunningham’s Manual of Piachcal Anatomy He at once introduced the B N A 
system of nomenclature on the grounds ‘firstly, and chiefly,* because it is more 
regular and definite than that hitherto in use, and, therefore, it tends to inculcate 
greater definiteness of idea and statement Secondly, because it has been very 
generally adopted in Canada, Australia and America ’ He thus brought to an 
issue the apparently interminable terminological arguments which were ultimately 
settled, so far as British anatomists are concerned, by the adoption of the Birming- 


ham Revision m 1933 

These editorial labours, together with the heavy responsibilities of a large Depart- 
ment, took up a great deal of his time Nevertheless, with his abounding energy, 
he continued to pursue the developmental problems that interested him, and his 
paper on ‘The formation, rupture and closure of ovarian follicles’ (1918) was a major 
contribution to the subject, in which he described the formation of ‘secondary liquor 
folliculi ’ as the immediate cause of the rupture of the follicle 

In 1912 Robinson had been elected a Fellow of the Royal College of Surgeons of 
Edinburgh, and in 1920 he was Struthers Lecturer of that College He took ns Ins 
subject ‘Prenatal Death’, and he reviewed the evidence for the varying viability 
of the zygote in different animals with reference to the high rate of early 
On his transfer to Edinburgh he had been appointed Chairman of the Di lmm 
Ramsay Henderson Trust, and he uas largely responsible for the senes of ^cc 
inaugurated in 1924 by Prof EUiot Smith who delivered a discourse on fhe 

and the New Phrenology’ , no i u as elected 

Eotanson was a Fellow of King’s College London, and m 
to the Fellowship of the Royal College of Sur^ons o ' ng ‘ 
twenty years’ standing The Royal Society of Edinburgh awarded I”'" 

Price for the period 1925-7 for his ‘Contributions to Comparatne , , J ■ 
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1898 The azygos veins (a) their mode of ongm and (6) their commumcations 8th Report of Committee 
of Collective Investigation of Anatomical Society of Great Bntam and Ireland (1897-8) 
J Anat Physiol 33, 197 

1902 ‘General Embryology’ and ‘Vascular System’ (with A H Young) in Text Bool of Anatomy, 
edited by D J Cunningham Edmburgh and London Young J Pentland 
1902 The early stages of the development of the pericardium J Anat Physiol 37, 1 

1902 On the development of the lower ends of the WolfiSan ducts and ureters and the adjacent parts 

of the cloaca J Anat Physiol 37, Proc Anat Soc Ixiii 

1903 A note on the development of the base of the cramum J Anat Physiol 38, Proc Anat Soc 1\m\ 

1904 Lectures on the early stages in the development of mammalian ova and on the formation of the 

placenta in different groups of mammals I, II, III J Anat Physiol 38, 186, 325, 485 
1904 Observations on the development and morphology of the tail (With A H Young ) Brit vied J 
2, 1384 

1906 On a specimen of the hmd gut openmg mto a cloacal chamber m a child (With F S hlackcnzic ) 
J Anat Physiol 40, 409 

1909 A glance at Anatomy from 1705 to 1909 An Introductory Address Edinh vied J N S 3, 405 
1918 The formation, rupture and closure of ovanan folhcles m ferrets and ferret polecat liybrids, and 
some associated phenomena Trans Roy Soc Edinh 52, 303 

1921 Prenatal death Edinh med J 28, 137, 209 

1922 Obituary notice of Prof Peter Thompson J Anat , Land , 56, 164 
1925 Lipoids m mammalian ova and their zygotes Proc Anat Soc p 109 

1927 The later development of the mfenor vena cava m Man and in Carnivora (With F P Rcogon ) 

J Anat , Bond , 61, 482 {Proc Anat Soc ) 

1928 Surface Anatomy (With E B Jamieson ) London Oxford Univ Press 
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AGE CBANGES REVEALED BY CARBONYL 
REAGENTS IN TISSUE SECTIONS 

B\ S ALBERT and C P LEBLOND 
Department of Anatomy, McGill University, Montreal, Canada 

The histochemical reactions obtained with the tno carbonyl reagents, fuchsin 
sulphurous acid (FSA) and 2,4-dimtrophenylhydrazme (DNPH), have been pre- 
viously investigated in the organs of the rat (Albert & Leblond, 1946) A study of 
these reactions in mice tissues showed a widespread distribution similar to that found 
in the rat Furthermore, the observations carried out m mice revealed that the 
intensitj’’ of the staining varied with the age of the animals Thus, the carbonyl 
reactions present m sections of sex glands and accessory sex organs, such as seminal 
vesicles, uterus and mammary gland, usually became prominent at puberty, but 
tended to disappear m old animals 

This effect of ageing suggested that the stammg intensity of many tissues "v aried 
with their physiological activity, and, therefore, the water-insoluble carbonjls 
(plasmalogens’) detected with FSA and DNPH may have more biological importance 
than hitherto believed 


MATERIAL AND METHODS 

Age differences m the staining with FSA and DNPH were examined in mice of the 
high-cancer ‘A’ and low'-cancer ‘C57’ strains at the ages of 1 day, 1, 2-8, 3-9, 
11, 15 and 16 months Four mice (two males and two females) of each stram were 
used per group In the 15-month-old group, only ‘A’ mice were available In 
addition, similar studies were carried out in four 8-10-month-old female mice 
of the high-cancer ‘C3H’ strain which bore mammary tumours 

A fairly complete study of the distribution of the reaction in almost all organs and 
tissues was carried out in several of the animals, but only the following tissues were 
systematically examined in all adrenals, liver, kidnej’’, heart, sex glands and 
accessory sex organs 

The technique emploj'^ed in the staining of tissues w ith FSA w as essential^ that 
of the ‘plasmal reaction ’ (Lison, 1936) This technique consisted of fixing the tissues 
in neutral formalin, washing in w ater, cutting frozen sections, and staimng them w ith 
FSA after passage through a saturated solution of mercuric chloride 

Since erratic results and patchy staining w ere obtained m some of our earlier tests, 
experiments w ere c imed out to determine the effects of v arious factors on the 
stamability of tissues with FSA It was found that (1) varjing the duration of 
formalin fixation from 2 to 4, 24 or 48 lir did not alter the intensitv and patchiness 
of the stain, (2) no staining occurred if sections were cut after fixation and im- 
mediately taken through mercuric chloride and FSA wntliout washing, (3) if after 
fixation the sections were allowed to stand in water m a shallow open dish overnight, 
intense and uniform staining resulted 
Anntomv 83 
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These observations suggested that ovidat.on by air may have played a role m the 

distilled rvater ^ing completely iilled, tightly stoppered bottles, very little or iio 
reaction was observed with FSA Conversely, the addition ot 1-2 drops of 3«/ 
hydrogen peroxide (Merek, U S P ) per e e of tap water produced an intense and 
re^ar stain Undei these conditions, washing for ^ hr instead of 12-24 Iir i\as 
sufficient to ensure a good stain Gerard (1935) had previously noted that the 
p asmal reaction’ was not obtained after formalin fixation, unless subsequent 
oxidation was carried out 

It was concluded that staining after formalin fixation required some degree of 
oxidation using either the oxygen of the air or HuO,, each producing a regular and 
apparently identical staining pattern It was also noted that sections, after such an 
oxidation, stained even if washing in mercuric chloride had been omitted This 


treatment, however, frequently intensified the stain, but did not alter its distribution 
The oxidation provided by exposure to the air was adopted for routine work, since 
it was milder and, therefore, less likely to oxidize alcoholic to carbonyl gioups in the 
sections After a 48 hr fixation in 10% neutral foimalm and 24 hi washing in 
lunning water, the tissue blocks were sectioned at 10/< on the freezing niicrotomc 
The sections were then washed m distilled water in shalloiv dishes for about 24 lir 
prior to staining During the night, they were kept m the cold room The washed 
sections were placed in a saturated solution of mercuric chloride for 3 nun , rinsed, 
left for 5 mm in FSA, washed in two solutions of sulphurous acid and mounted in 
glycerine-gelatine A positive reaction was indicated by a purple colour Tins colour 
was found to be very stable, since it has persisted for over a year m oui material 
Special care was taken to carry out the vaiious opeiations simultaneously for all 
experimental groups, thus ensuring a uniform technical procedure 

The method used for staining sections with DNPH has been described previously 
(Albert & Leblond, 1946) The same precautions for fixation and u asliing as dcscrilicd 


above were taken in this procedure 


■V^ffiile most of the work was performed on formalin-fixed tissues, the FSA reaction 
was also examined in the fresh, unfixed tissues of two male hybrid albino mice and 
tluee female mice of the ‘ C3H’ strain These tissues were quickly removed from the 
animals, sectioned at 20-30/t on the freezing microtome, placed immediately in 
a saturated solution of mercuric clilonde for 3 mm and stained with FSA for 5 mm 
Control slides were placed in FSA without pre-treatment with mercuric chloride 
In all cases the staining intensity of histological structures was rated in four 
different categories, namely, very intense, intense, moderate, and slight, and mil be 

described below 


RESULTS OBTAINED WITH FIXED TISSUES 
The general distribution of the FSA and DNPH reactions m the form all n-fixed 
tissues of ‘A’ and ‘C57’ mice vas similar to that previously reported for the rat 
f Albert & Leblond, 1946) However, the staining intensity of most organs, cspcciall> 
ta&eraieri cortex, corpus luteum and mtcst.t.al cells of the test.s and ovary. 
™ m nnee thin .n rats W,th both specc^hcre vas a slr.ct parallel., n. ,n 

the distribution of the FSA and DNPH reactions (PI 1, figs L 2) 
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Age changes revealed by carbonyl leagenis 

Endocrine glands 

The staining of the adrenal gland laned markedly ivith age, although in all 
animals there ■was a definite staining of the cortex, but little or no stainmg of the 
medulla In 1-daj-old mice, the cortex stained intenselj and rather imiformly 
throughout There uas no dmsion of the cortex into the three zones normal!} found 
in older animals, the only suggestion of zoning being a less intense stain in a few 
superficial cells At the age of 1 month, the adrenal cortex had become dinded into 
three zones, of which the fascicular alone stamed as intensely as did the whole 
cortex of the newborn Both the glomerular and reticular zones were thin and 
stained slightly 

At the age of 3 months, the staining intensity of the fascicular zone reached its 
maximum The thin glomerular and the thickened reticular zone stained only slightl} , 
although more intensely than the medulla (PI 1, figs 1, 2, PI 2, figs 6,7) In the 
‘A’ females of this age group there was a band of cells distended b} a large fatt^ 
vacuole (signet-ring cells) located between the reticular zone and the medulla The 
fatty content of the large vacuole of these cells stamed moderatel} , though it often 
fell out during the preparation of the sections (PI 2, fig 6) The small ring of 
c}’toplasm contained minute granules staining intensely These signet-nng cells were 
not found in the adrenals of the ‘C57’ animals of corresponding age (PI 2, fig 7) 
The reticular zone m this strain was uniformly thinner than in the ‘A’ animals, being 
hardly distinguishable m some cases Furthermore, in the ‘C57’ animals, the cell 
cords of the fascicular zone were less regularly onentated, and the limit between the 
zones w as not sharp, as typical fascicular cells extended into the reticular zone 
In the older age groups of both strains, the irregular it}' of the cell cords m the 
cortex became quite pronounced The glomerular zone so lost its distinctness that it 
was unidentifiable m some of the oldest animals In the fascicular zone, the cell 
cords stamed less intensely and frequently lost their radial arrangement Further- 
more, a fairly intense reaction could usually be seen in the inner half of the fascicular 
zone, while its outer half reacted poorly (PI 3, fig 17) In the oldest animals there 
was a breaking down of the inner fascicular cords into irregular, deeply staining 
masses and granules (PI 3, fig 16) The reticular zone was also less regularh arranged 
than at 3 months, and its a asculanzation was increased, especiall} at its junction 
with the medulla With age, the fatty' globules described at the outer limit of the 
medulla m the ‘A’ strain disappeared Finally, pigment was found m the retieular 
zone of mice of the later age groups in both sexes of both strains, especially m the 
‘C57’ These pigment masses appeared to be identical -with those found m brown 
degeneration (Cramer A Horning, 1937, Lacassagne A Ra}'naud, 1937, Leblond 
A Nelson, 1937, Cook A Kennawa}, 1940, Blaisdell, Gardner A Strong, 1941, 
Burrows, 1945, Tobin A Bimbaum, 1947) 

In the testis of all but the oldest animals, the slight reaetion found in the tubules 
contrasted with the good staining of the interstitial cells These cells showed a 
moderate reaction as earh as the first da} of life (PI 4, fig 21) The reaction was 
fairl} intense at 1 and at 3 montlis (PI 4, fig 22) In the 15-month-oId mouse, 
how e\ er, there w ere onl} a few or ci en no cells giving a definite purple reaction in the 
interstitial spaces The staining intensit}' of the Le} dig cells, when an^ of them could 
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hlnd^numer younger animals (PI 4, iig 23) On the other 

nd, numerous irregular pigment masses were scattered tliroughout the interstitial 

rr r r ‘''''/"‘T' P'Sment contrLtcd ™tl. thrllgS 

purple background in the FSA-stained slides 

In the ovanj of aU but the oldest animals, the slight reaction found in the contents 

^ 1 . f contrasted with the good staining of the thecal, interstitial 

and luteal cells Thus in the follicles, the granulosa cells gave little or no reaction, the 

oocytes showed fine, discrete granules with a fairly intense colour, while the follicular 

fluid did not react at all The thecal cells gave an intense colour, but in places tlicir 

reaction was moderate (PI 2, figs 8, 9) The interstitial cells showed a moderate 

reaction at 1 month, a very intense one at 3 months (PI 2, figs 8, 9), and a decreased 

reaction at the latei age intervals, especially at 15 months, when they either stained 

slightly or not at all (PI 3, figs 13, 15) The atretic follicles sometimes showed a few 

intensely staining patches corresponding to groups of hpid-laden cells Tlicic vas 

a wide range m the staining intensity of corpora lutea In the 3-month-old animal of 

the ‘C57’ strain, for instance, intensely staining corpora lutea were seen next to 

moderately staining ones (PI 2, fig 9) In the oldest animals, corpora lutea wcie 

seen which stained very little dr not at all (PI 3, fig 15) 

In general, as the animals grew older, the following changes became apparent, 

starting at 8 months Whole groups of interstitial cells and, to a smallei extent, thecal 

cells, more or less completely lost their ability to stain with PSA (PI 3, figs 13, 15) 

Next to these cells, masses of pigment became visible and gradually increased vith 

age (PI 3, figs 12,14) Finally, large unstained areas with a glassy appeal ance v ere 

seen These were considered to be old corpora lutea (PI 8, fig 15) TJicse stiucturcs 

sometimes showed small groups of irregularly staining globules One of the 1 5-month- 

old ‘A’ mice showed a completely atrophic, non-staining ovar)^ 


Accessoi y sex organs 

In the male, a detailed study of the seminal vesicles was made at various ages An 
intense reaction was present in the vacuoles of the cell apex, as described in the lat 
(Albert & Leblond, 1946) This apical reaction was slight to moderate at 1 mouth, 
most intense at 3 months (that is to say, when males reach sexual maiiirit>), 
moderate at 11 months and very slight at 15 months IWiile the cell apex stained 
intensely, the reaction in the base was only moderate A slight reaction vas present 
in the smooth muscle and a slight to moderate reaction in the lamina propria, 
probably due to the presence of elastic fibres The secretion present in the lumen did 

In the female, the ulerus showed a slight reaction in the smooth muscle and a fairly 
intense reaction in the epithelial cells, but only m sexmally mature animals Thus the 
3-month-old ‘ C57’ females showed a definite reaction m the epithelium and glands 

(PI 2 fig 11), the apical and particularly the basal regions of the cells containing 

Lmuiinghtlystammg granules In conto.3t, theater. 

‘A’ females showed little or no reaction at 3 months (P , g ) tte^cd 

females showed stood granules m the ep.thohum It may noted that sea to 

mtensely stomg cells could be found m the mesometnum (PI 2, Hg 11) I main, 
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brownish pigment was found to accumulate in the lamina propria and myometrium 
of the older animals 

The mammary glands shoued irregularly occurring reactions in the cells of the 
epithelium, apparently located on fatty inclusions (PI 1, fig 3) Brightly stammg 
fat globules were found free in the lumen as described by Dempsey, Bimting &/ 
Wislocki (1947) 

A series of females of the high-cancer ‘C3H’ strain were examined with regard to 
the FSA reaction of cancerous and non-cancerous mammary tissue DTide a moderate 
to intense reaction was observed in the non-cancerous mammary epithelium (PI 1, 
fig 3), little or no reaction was present in a cystadenocarcinoma and m tliree 
adenocarcinomata (PI 1, fig 4) 


Other organs 

The reactions in the other organs were on the whole quite comparable with, 
although more intense than, those described in the rat (Albert & Leblond, 1946) 
Thus a definite reaction — slight to moderate — W'as present in the Ijunphatic organs 
of the mouse 

The liver of animals of all ages showed a fairly intense staining, restricted to the 
cell cidoplasm The most pronounced reaction was observed in the youngest animals 
with a tendency towards a slow decrease ivith ageing Individual variations were 
considerable in this organ Deep-staining globules were occasionallj’’ seen m the 
KupITer cells, a fact in keeping w itli the frequent occurrence of intense reactions in 
cells of the reticulo-endothelial system in all locations (Albert & Leblond, 1946) 

In the Kidney of adult animals, the reaction was maximal m the proximal con- 
voluted tubules, moderate or fairly intense in the outer medulla (distal convoluted 
tubules and Henle’s loops), and absent in the collecting tubules, while the glomeruli 
show ed little or no reaction The structures showing the greatest variation w ith age 
were the proximal convoluted tubules In the newborn, the proximal convoluted 
tubules developing m the outer part of the organ did not react In the middle region, 
however, where a few differentiated proximal convoluted tubules w’ere apparent, 
slight to moderate reactions were found In the innermost part of the organ, wdiere 
only collecting tubules are located, no staining occurred (PI 4, fig 18) An intense 
uniform staining of the proximal convoluted tubules in the cortex was observ’ed in 
1- and 3-month-old animals (PI 4, fig 19) As the animals aged, some of the proximal 
com oluted tubules did not take up the stain, and eventually most of them remained 
unstained (PI 4, fig 20) The occurrence of scattered, irregular globules m the collect- 
ing tubules may also be observed, especially in the older age groups 

In cardiac muscle the reaction was found to be moderate in the new born animals, 
but fairlj' intense in all other groups 

RESULTS OBTAINED WITH FRESH (UNFIXED) TISSUES 
Fresh tissues taken to FSA without passing tlirough mercuric chloride did not stain 
at all On the other hand, pre-treatment w ith the mercuric salt resulted in an intense 
purple staining in most organs The reactions thus obtained were usuallj similar 
to those obscned m formalin-fixed tissues Thus, the o-var\ showed a fairh intense 
reaction m the corpora lutca, thecal and interstitial cells, but not m the granulosa 
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and t convoluted tubules 

festo ""u IT ^--dulla reacted m a re^ula; 

fash on since all tubes showed a fairly intense stamina " 

same* staining vas the 

adren 1 ^ T fT emphasized the differenee in the leactions of 

enal cortex and liver before and after fixation In the mouse, however, the 

Jrenal cortex showed the same type of reaction in the fresh state (PI 1 , firr 5 ) as 
after fixation (PI 1 , fig 1 , PI 2 , figs 6 , 7 ) The medulla, on the other hand, reaetecl 
m the fresh state (PI 1 , fig 5) but not after fixation (PI l, fig 1 , pi 2 , figs 6 , 7 ) 
le case of the liver was quite different, since only a very slight or no leaction was 
observed in the fresh state, while a definite staining ocemred after foimalin fixation 


DISCUSSION 

Chemical natwe of the tissue compounds leading with FSA and DNPII 

It must first be emphasized that no staming with FSA or DNPH was observed 111 
any fresh mouse tissue without pre-treatment with mercuric chloride Thus, there 
was no significant amount of free reactive carbonyls m any organ 

The intense staining observed after passage of unfixed sections tluough ineiciiiit 
chloride — a reagent known to free carbonyls from acetal linkage — indicated that the 
carbonyls stained with FSA or DNPH must have been bound in this type of linkage 
Furthermore, the reacting carbonyls or their precursors could readily be extracted 
from the sections by fat solvents, but not by water, a fact previously noted by Ilaycs 
(1947) The lipidic nature of the reacting material suggested by this observation uns 
confirmed by the frequent localization of the purple stain on fat droplets 

Two types of carbonyl lipids are known to exist in tissues the kctosteroids, m 
which the carbonyl radical is a free ketonic group, and the plasmalogens, which arc 
phospholipid derivatives with an aldehydic carbonyl combined in acetal linkage 
From the outset, it was apparent that the plasmalogen aldehydes behaved like the 
carbonyls detected in sections with FSA Howevei , the claim of the Harvard school 
that FSA may be used for the histochemicaldetection of steroids (Dempsey, 
Bunting & Wislocki, 1947) makes it necessary to re-examine the possibility that 
ketosteroids play a role m this staining 

If ketosteroids were the reacting material, fresh tissues would stain vithout 
mercuric chloride treatment Furthermore, the rapid development of the reaction 
with FSA after action of the mercuric salt indicated that the freed carbonyls must 
have been aldehydic rather than ketonic, since the reactivity of aldehydes va-s found 
to be considerably greater than that of most ketones as judged by sulphite addition 
(Petrenko-I&itschenko, 1905) or semi-carbazide formation (Conant Bartlett, 1032) 
Finally, in vitio experiments (Oster & Oster, 194G, Albert & Lehlond, 1940, Ilajcs 
1947, Boscott, Mandl, Danielli & Shoppee, 1948) shoved that tissue extracts trcatci 
with mercuric chloride reacted with FSA m an intense fashion, win e many kc ones 
and especally keton.c stero.d. d.d not Ostor & Osier I mX 

Cham ketones reacted w.th FSA, namely, acetone, yl 
reo-butyl ketone, but they developed a red eo our qmte ™ 

aetensbe purple eolour obtamed with aldehydes Furthcrn.ore, the honnonall, 
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active ketosteroids, testosterone propionate, methjl testosterone, dehj droandro- 
sterone acetate, androstenedione and pregnenolone, gave no reaction with FSA 
It was, therefore, concluded that ketosteroids were not responsible for the 
staining of tissues with tins reagent 

The only other lipidic carbonyls known to exist in tissues were the aldehydes of 
the higher fatty acids, especially palmitaldehj de and stearaldehyde, which have 
been isolated from muscle and brain by splitting the acetal-phosphatide plasmalogen 
(Feulgen, Imhauser & Behrens, 1929, Anchel &, Waelsch, 1942) Smce the properties 
of plasmalogen satisfactorily accounted for those of the material detected in fresh 
sections with FSA, it was concluded that this material was plasmalogen Recently, 
it was suggested that there existed in the body an acetal lipid lacking phosphorus 
and the colamine base (Newman, 1944) as well as other combined lipid aldehydes 
(Oster A Schlossman, 1946), but no more than presumptive evidence of their 
presence was given 

Incidentally, cellular components 50-200 mji m size obtained by ultra-centnfugation 
of tissues gave a positive reaction wnth FSA Furthermore, half the material in these 
particles was showm by phosphorus and nitrogen analysis to be phosphohpidic 
(Claude, 1940, 1941) These results were thus in agreement w ith the opinion that the 
FSA-staming material in tissues consists of acetal phospliatides 

While this conclusion w as based on results obtained wnth fresh tissues, it did not 
necessanly apply to fixed tissues Thus, Hayes (1947) assumed that plasmalogen w as 
detected by FSA after mercuric chloride treatment but only when fresh tissues were 
used The present experiments, however, showed tliat, at least in the mouse, the 
localization of the reactions in most organs (ovary, adrenal cortex, kidney, etc ) was 
identical under fresh and fixed conditions Therefore, the purple staming obsen’’ed 
in fixed sections must have been denved from the same source as in fresh tissues 
Plasmalogen thus appeared as being also the cause of the reactions observed in fixed 
tissues 

The staining of the fresh adrenal medulla (PI 1, fig 5) contrasted w ith the absence 
of a reaction after fixation (PI 1, fig 1, PI 2, figs 6, 7) Probably the reacting 
aldehyde was extracted during the technical procedure and must therefore ha^e 
been more soluble than the material in other organs and tissues Whether the bound 
aldehyde present in the adrenal medulla differed from plasmalogen could only be 
surmised 

The liver was the only organ in w hich no reaction w as present in the fresh condition, 
but some appeared after fixation Hayes (1947) assumed that such behaviour 
indicated the formation of oxidation products independent of plasmalogen How e\ er, 
we were able to demonstrate the presence in the liver of a plasmalogen type of 
compound, smce a chloroform extract of this organ reacted w ith FSA after mercuric 
chloride treatment (unpublished experiments) Thus, it appeared more likely that some 
mhibitorj mechanism prevented the reaction of plasmalogen in fresh In er sections 

The conclusion that plasmalogen was the source of the carbon j Is detected in fixed 
tissues bj FSA and DNPH must be reconciled wath the result of the experiments on 
formalin fixation In describing the technique, it was pointed out that the reaction 
was inhibited by formalin fixation, but could be reconstituted bj oxidation The 
possibility' existed that during the process of formalin fixation, the chemistr\ of w luch 
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IS pooily understood, some of the acetal phosphatides ueie slouly disrupted and tl.o 

aldehydes ivould be reconstituted into an active form That such a process occiurcd 
to some extent was suggested by the fact that reactions could take place without 
mercuric chloride m fixed sections, but were usually intensified by this leagcnt, uhilc 
their localization was not altexed 


It was thus concluded that, with a few possible exceptions, the icactions obtained 
in tiesh and formalin-fixed tissues of the mouse with FSA and DNPH were due to 
hpid aldehydes bomid as plasmalogen 


Influence of age on FSA. and DNPH leaciions 
It IS appaient that the staining of most organs with FSA and DNPH was markedly 
influenced by the age of the animals In most organs, there was a giadual o\ erall 
decrease of the staining intensity with advancing age The results weie most striking 
m the gonads and accessory sex organs Here the reactions Averc slight or absent at 
biith, increased rapidly to reach a maximum at sexual matmity, rcmaiiimg definite 
for a number of months dm mg the active sexual life, and then deci easing ivith 
advancing age to become slight oi to disappear m semht}' Thus, for instance, m llie . 
epithelium of the seminal vesicle, the reaction became intense at jiubcrt}" and 
disappeared m senile animals This cycle may be compared to Avhat occuricd aftci 
castration and substitution therapy, since castration almost complctcl}’’ sujiprcsscd 
the reactions of seminal vesicles and prostate, while testosterone treatment restored 
them (Albert & Leblond, 1946) Therefore, the staining intensity of the seminal 
vesicle was dependent on its functional activity 

Similaily, there was an obvious parallel in the testis between the function of the 
interstitial cells and their staining reaction, Avhicli Avas moderate at biith (PI t, 
fig 21), most intense at puberty (PI 4, fig 22) and slight in old age (PI 4, fig 23) 

A relation betAA^een the depth of the staining and physiological activity Ains also 
encountered in the ovary (PI 2, figs 8, 9, PI 3, figs 12-15), in the kidney (PI 4, 
figs 18-20), and to a lesser extent in the adrenal A similar correlation bctAACcn 
increased FSA reactions and functional activity Avas postulated by Tonutti (19 H) 
to explain the intensified reactions found m the adrenal cortex ol animals treated 
Avith diphtheria toxin and coi ticotrophin In the skin, only the dccpci, more actiAc 
layers of the epidermis stained Avitli FSA (Voss, 1941) 

In unpublished experiments we found that hypophyscctomy pioduecd some 
decrease in the intensity of the staining reaction in the adrenals, gonads and 
accessoiy sex oigans The deciease and shift m the FSA reaction of the adrenals 
produced by this operation has already been examined by Deane Creep (1910) 
Since lemoval of the hypophysis leduccs the elaboration and release of steroid 
hormones by adrenals and gonads, these results supplied anotlicr example ivliere 


staining Amried as the physiological actuuty 

From these numerous examples it may be concluded that in many tissues h 
intensity of the reactions paralleled the functional stale and, therefore, the .imoun 
S Smcs combmed ,n acetal bondage .ncrcased as the organs became acin.lv 

‘“smTthe amount of a substance present m .m organ ,s the result of a balan.c 
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beti^een the quantity elaborated or incorporated into the organ, and the quantity 
used up or excreted, the presence of a greater amount of bound aldehydes in 
active than m restmg tissues indicated a predominance of accumulation over elimina- 
tion It IS not known whether this accumulation is the result of the binding of 
aldehydes for their detoxication as suggested by Feulgen or is rather a preparatorj' 
step for an enzymatic release of aldehydes to be used m cellular reactions 

While the biological role of these bound aldehydes is unknown, a few preliminary 
conclusions may be drawn The presence of a constant intensity of staining as in the 
interstitial cells of the testis should indicate a constant metabolism of plasmalogen 
and presumably a steady rate of secretion by all the cells, while a variable staining 
as in the interstitial cells of the ovary may be referable to a cyclic secretorj^ activity 

The decrease m carbonyl staining occurring in ageing animals was frequently accom- 
panied by an increase m the amount of brownish ‘ w ear and tear ’ pigment, especially 
in the steroid-secreting cells (adrenal, cortex, interstitial cells of testis, thecal and 
interstitial cells of ovary, corpus luteum), w here large, irregular cells laden w ith brown 
pigment often appeared and gradually increased m amount (PI 3, figs 12-15) 
A similar pigmentation has been described in the interstitial spaces of the testis 
of old mice by Hooker and Pfeiffer (1942) The steps of this pigment degeneration 
seemed to be as follows At first, minute broivn masses appeared in the cytoplasm 
of some of the cells Later, these cells were phagocytosed by reticulo-endothelial 
cells, which then made up the clumps of irregular, pigment-laden masses described 
above At any rate, this pigment degeneration of the steroid-secreting cells always 
occurred as their content in bound aldehyde decreased and their secretory role was 
reduced or terminated 

There is an exception to the rule that the staining wnth FSA and DNPH indicates 
the functional activity of steroid-secreting and other organs A marked staining w as 
observed m a few cells with signs of fatty degeneration Thus, intensely staining fatty 
globules could be observed m degenerating follicles and old corpora lutea of the ovary, 
m the reticular zone of the adrenal, occasionally in the collecting tubules of the 
kidney and fairly often in the cells of the reticulo-endothelial system In all these 
cases, the presence of the material in large, distended fat globules pointing to fattj' 
degeneration cannot be taken as indicating functional activity, but rather a passive 
storage of the material 

More experience may be needed to assess accurately the value of FSA staining as 
an index of function However, smee it is most difficult to estimate the secretory 
ability of cells such as the interstitial cells of testis and ovarj' on ordinary histological 
slides, the technique described above may provide a new instrument 

SUMMARY 

The carbon}! reagents (fuchsin sulphurous acid and dmitrophenj Ihj drazme) were 
used as histochemieal stains m a study of the tissues of ‘A’ and ‘CS7’ mice taken at 
birth and at 1, 2-3, S-9, 11, 15 and 16 montlis of age The carbonyls detected in fresh 
and fixed tissues appear to be aldehydic lipids held in acetal linkage, presumablj 
as ‘plasmalogen’ 

The histochemieal reactions obtained with the two stains haac the same dis- 
tribution Thej are present in almost all organs and tissues, but thej are most intense 
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Tjpns o' “”■) O'-y. 

The stammg intensity of kidney, endocrine glands, sev glands and occcsson 
sex organs increases until puberty, is maintained during sexual maturity and sub 

SarJlrb r*'' “«= Requcntly, the decrease or dis^pearaiiee 

steroid^; “ " by pigment degeneration, especially m the 

The parallel existing between the staining with carbonyl reagents and the pin sio- 
logical level of activity suggests the use of these as tests of function Some caution 
IS, however, necessary in the interpretation of the results 


This work was carried out with the help of grants from the Biological Stain 
Commission and the Donner Foundation The authors wish to acknowledge the help 
of the Misses C E Stevens and W F Storey The mice were a gift from Dr C Fraser 
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EXPLANATION OF PLATES 
Plate 1 

Fig 1 Adrenal of 3 month old A’ mouse FSA stam The grey to black colour represents the purple 
seen m tissue sections The black spots m the medulla are usually due to blood in the blood vessels The 
glomerular zone stains shghtly, the fascicular zone mtensely, the wide reticular zone shghtly, and the 
medullary zone not at all The darkly staming eircles at the reticulo mednUary junction represent 
the signet-nng cells desenbed in the text Photograph taken with dayhght filter on panchromatic 
plate X 40 

Fig 2 Same organ as m fig 1, stamed with DNPH and showmg the same pattern of staimng as with 
FSA Photograph taken with a purple filter on panchromatic plate x 40 
Fig 3 FSA reactions m normal mammary gland of a 9 month old female C3H’ mouse The cells of the 
alveoh contam intensely stainmg, irregular droplets, while the ducts and stroma stam shghtlj or not 
at all Photograph taken with a dayhght filter on contrast plate x 40 
Fig 4 Adenocaremoma from a 9 month old female ‘C3H’ mouse The epithelial and stromal elements 
stain shghtly or not at all Photograph taken os m Fig 3 x 40 
Fig 5 Adrenal gland of a mouse sectioned while fresh, and stamed with FSA after mercunc chlonde 
treatment Intense reaction m both cortex and medulla Chmpare with sections of fixed adrenal 
glands (figs 1, 6 and 7) x94 


Plate 2 

Comparison of FSA reactions m organs of a 3 month old A female mouse (left) and a 3 month old C57’ 
female mouse (nght) Photographs taken with dayhght filter on panchromatic plates The black 
colour represents the purple reaction x 40 

Fig 6 ‘A’ adrenal The glomerular zone stains shghtly, the fascicular zone mtensely the wide reticular 
zone shghtly, and the mcduUarj zone not at all The darkly staming circles at the reticulo medullary 
junction represent the signet-rmg cells described m the text 

Fig 7 ‘C57’ adrenal The glomerular zone stains shghtly, the iasicular zone mtensely, the narrow 

reticular zone shghtlj, and the medullary zone not at all Note the absence of the darkly staimng 
signet- rmg cells at the reticulo medullarj junction, and the narrowmg of the reticular zone compared 
with fig 6 

Fig 8 A ovary The mtcrstitial and thecal cells stam mtensely, the granulosa cells shghtly or not at all 
Corpora lutca are absent 

Fig 9 C67 ovary The mtcrstitial nnd thecal cells stam moderately to intensely the corpora lutea 

shghtly to mtensely, and the granulosa cells slightly or not at all The presence of corpora lutca 
mdicatcd an early maturity in this stram 

Fig 10 A uterus The immature musculans and epithchnm stam shghtlj or not at all 

Fig 11 C 57 uterus The well dei eloped musculans stains shghtlj or not at all, the basal portions of the 
cpithchal cells mtensely , and the apex only shghtly A concentration of positively stainmg matenal 
may bo seen m the mesometnura 

Plate 3 

PSA reactions m semle animals Figs 12 and 14 were taken with a day hght filter on contrast plates and 
shoe m black both the purple stainmg reaction and the brown pigment Figs 13 and 15 were taken 
nath a green filter on panchromatic plates to show m black the purple reaction only It is therefore 
possible to deduce the location of the brown pigment, which is the matenal appearing m black m 
12 and 14 but not m 13 nnd 15 x40 
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Fig 12 8 month old ‘C57’ mouse ovary The deposition of the non stammg but light nbsorbmg broivn 
pigment in the mterstitial cells can be determined by the presence of black mterstitial masses 
visible in this and not m the ne\t figure 

Fig 13 Same tissue as fig 12 shoiving in black the FSA stam only Only one corpus luteum and rare 
groups of thecal and interstitial cells stain 

Fig 14 16 month old A’ mouse ovary The brown pigment can be recogmzcd by the dark spots in 
this figure 

Fig 16 Same tissue as fig 14 showing only FSA stain The entire ovary, with the exception of the cells 
hmng an ovarian cyst, stams slightly or not at all The hyahmzed corpora hitea do not stain at all 

Fig 16 16 month old female ‘A’ mouse adrenal The glomerular zone stams modcratelj , the outer half 
of the fascicular zone moderately, and the mnor half intensely Abundant aggregations of darkl\ 
stammg cells extend from the mner fascicular zone mto the mdistmct reticular zone A small amount 
of pigment is also present 

Fig 17 16 month old female ‘A’ mouse adrenal The glomerular zone stams shghtlj , the outer half of 
the fascicular zone slightly to moderately, and the inner half mtenscly, the reticular zone shgbth, 
and the medulla not at aU Throughout the reticular zone are scattered mtenselj staimng aggregations 
of cells 

Plate 4 

Variations of FSA reaction in kidney (left) and testis (right) with age The black colour represents the 
purple seen m the tissues Photographs taken with a daylight filter on contrast plates x 40 

Fig 18 1 day old mouse kidney A few differentiated proximal tubules m the middle region stain slightly 
No stam anywhere else 

Fig 19 3 month old mouse kidney Fairly mtense reaction m the proximal convoluted tubules 

Fig 20 16 month old mouse kidney Shght or no stammg throughout the organ This kidney shou cd the 
least mtense reaction of aU those examined 

Fig 21 1 day old mouse testis The mterstitial ceUs stam fairly mtensely and the poorly dovelojicd 
spermatogemc tubules shghtly or not at aU 

Fig 22 3 month old mouse testis The mterstitial ceUs stam intensely and the spermatogemc 

tubules shghtly or not at aU, wtli a few dark stammg granules about the heads of the spermatids 

Fig 23 16 month old mouse testis The atrophied ceUs of the interstitial spaces and the spenimto 
genic tubules stam slightly or not at all 
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A COMPARISON OP BNDOCRANIAL CAST AND 
BRAIN OF AN AUSTRALIAN ABORIGINE 

B’i A D PACKZER, DepaHment of Anatomy, University of Adelaide 

A comparison of an endocranial cast with the corresponding brain is the obvious 
method of determining how much accurate information about the brain can be 
obtained from the cast Symington (1915) using human European material made 
such a comi>arison His studies showed that \ery little of the detail of the sulcal 
pattern was evident on the cast — he was able to identify only the lateral sulcus and 
its posterior branch, the superior and middle temporal sulci and the sulci related to 
the orbital surface of the frontal bone He also showed that the sulcal pattern, 
especially of the vault, was obscured by the structures lying between brain and 
skull, viz meninges, arachnoid granulations, cerebrospinal fluid, cerebral veins and 
lacunae, venous sinuses and meningeal vessels On the basis of these in\ estigations he 
enticized(1916) the interpretations of a number of workers on casts from fossil skulls 

Le Gros Clark, Cooper & Zuckerman (1936) made a similar study in the chimpanzee 
and concluded that little information about the coni olutional pattern of the brain 
could be derived from the cast — they were able to identify wuth certainty the 
rostrum of the lateral sulcus, the fronto-orbital sulcus, the superior and inferior 
frontal sulci and the inferior pre-central sulcus, vaguely or inconstantly marked were 
the lunate sulcus, the central sulcus, the parallel sulcus, the angular sulcus and the 
inferior temporal sulcus 

Both of the above-mentioned investigations show ed that there w’ere depressions 
on the casts not corresponding to the positions of sulci, indicating that the mapping 
of sulci on an endocranial cast without the brain for comparison would be liable 
to error 

The endocranial cast of the Australian aborigine has been used in morpliological 
studies, mainly for comparison with other casts, by Keith (1925), Elliot Smith (1928), 
Kappers (1929), Shellshear & Elliot Smith (1934) and Hirschler (1942), Shellshear 
(1934) described the cranio-cerebral relations of one cerebral hemisphere No direct 
comparison of cast with corresponding brain has been published Therefore, it 
seemed of value to make such a comparison, in order partlj”^ to bridge the gap 
betw een Sjunington’s findings for the European and those of Le Gros Clark et al for 
the chimpanzee 

MATERIAL AND METHODS 

The brain and endocranial cast w ere from a full-blooded male Australian aborigine 
aged 64 years The body had been injected w ith a solution containing 5 % formalin 
Nine days after the injection the skull-cap was sawn tlirough and remoi ed, and the 
brain removed in toto, the brain stem being cut at the level of the foramen magnum 
The brain was in good condition with no distortion and no obiious shrinkage, 
photographs and measurements w ere made on the daj of remoi al, before an\ dri mg 
could occur 
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The dura was stripped as cleanly as possible from the whole of the inside of tlie 
skull— some difficulty was encountered in the region of foramina— and a cast Aias 
prepared, using melted printer’s gelatin A hole (20 mm diameter) as bored through 
the skull near the vertex, the skull-cap was firmly fixed m position and the gelatin 
poured in through the hole From the gelatin cast a plaster mould v as prepared and 
finaUy a plaster cast, using fine dental plaster of Pans in both procedures The 
volume of the cast was estimated and measurements taken Hirschler’s base-line 
joining the hindmost point of the cast to the most medial point of the marking of the 
fronto-marginal sulcus (B N A ) was employed Using an oblique beam of light the 
depressions on the cast were carefully marked in pencil, this vas done vithout 
reference to brain or skull Tracings of photographs of various viev s of brain and 
endocranial cast were then superimposed (with correction for slight differences m 
size) and the general contours were compared, any sulci corresponding to depressions 
on the cast were noted, particular attention being paid to the central, lateral and 
lunate sulci Obvious eminences on the cast were outlined and compared vith 
corresponding regions of the brain 

The terminology of the brain sulci is m the mam that used by Shellsheai (1937) 
in his study of brain morphology of the Australian aborigine 


MEASUREMENTS 


The measurements made on brain and cast are given m the following Table The 
brain stem was cut m the region of the foramen magnum and the cerebral peduncles 
were divided at their junction with the pons The weight includes pia-araclinoid and 
blood vessels 

Brain 


Weight 

Volume (water displacement) 

Maximum length 

Maximum breadth 
Base line (Hirschler) 

Height index (Hirschler*) 

Depth index (Hirschler*) 


Forebram and midbrain 

920 g 

Hindbrain 

171 g 

Total 

1091 g 

Forobrain and midbrom 

1010 c 0 

Hindbram 

142 c 0 

Total 

1152 cc 

Left side 

16G mm 

Right side 

ICO mm 


112 mm 

Left side 

160 mm 

Right side 

155 ram 

Left side 

381 

Right side 

37 2 

Left side 

219 

Right side 

22 8 


1270 c c 


Loft side 171 mm 
Right Ride IGC mm 

117 mm 

Loft side loo mm 
Bight side 102 mm 

Left side 4 1 1 
Right side 4 1 0 

Loft Ride 18 1 
Bight side 18 4 


Ime expressed as a percentage of the base line 


Duckworth (1903) found the average capacty of '^0 
to be 1246 e e Davs (1869) est.n,ated the ,e. than 

1197 g Thus the cast here studied is above average volume but 


average weight 
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GENERAL CONTOUR 

A brief description of the contour of the cast is given and mention made of the 
regions in which the cast does not give an accurate indication of the corresponding 
surface of tlie brain 

Superior midline region (Figs 1-4, 7 and 8, throughout, the odd-numbered figures 
are of the cast and the even-numbered of the brain) 

The frontal lobes of the cast slope upwards firom the rounded sj'mmetrical poles 
with an even convexity (comparable with that of the brain) as far as a centrally 
placed bregmatic eminence, which is an obnous midline elevation ivith its centre 
approximate!)’’ at the bregma and measuring 45 mm long by 40 mm wude — ^this 
eminence does not correspond to anj’ elevation of the brain, which is rather flattened 
in this region It almost certainly marks the position of the bregmatic ‘pool’ of 
cerebrospinal fluid Arachnoid granulations cause irregularities on its surface 

Immediately behind this ‘pool’ the contour of the midline is obscured by the hole 
bored m the skull to make the cast Just posterior to this region and on either side 
of the midline are tw o oval longitudinal elevations, not w eU defined at their peripherj’’ 
and not symmetrical, their surfaces are made irregular by the markings of se%Tral 
arachnoid granulations On the left side the approximate size is 50 by 30 mm , on 
the right the eleiation is slightly longer and rather narrower The brain in this 
region shows no definite elevations, although it is at the maximum convexity of 
curvature at the upper part of the occipital lobes The elevations are probably due to 
‘parietal pools’ of cerebrospinal fluid 

Behind these eminences the surface of the cast is flattened, but there is no definite 
depression The curvature of the corresponding brain surface is regular and rounded, 
suggesting that the area of flattening on the cast is determined mainl)’’ by the 
presence of the ‘parietal pool’ eminences lying m front of it 

The occipital poles are very prominent on the cast, they are asj'mmetrical, the 
left being more pointed and projecting more posteriorly, both poles lie well behind 
the lambdoid suture markings and overlap the cast of the cerebellum by about 10 mm 
There is a comparable asj’mmetry and overlap in the case of the brain 

Lateral regions (Figs 1-S, H and 12) 

The most obnous features of the cast are the parietal eminences (outlined m 
Figs 1 and 3), they are definite elevations on both sides lying just above and 
behind the posterior limb of the lateral sulcus, at the peripherj’^ the eminences are 
dl-defined, but their shape is on the whole circular There are similar but less obvious 
elcvatfons of the brain formed by the lower part of the post-central gjTus and the 
inferior parietal lobule The parietal eminence on the right side of the cast is slightlv 
more prominent than on the left, and this difference is present in the brain also 
Also noticeable is the tendency to constriction of the cast immediately in front of 
the coronal suture markings, the brain is constricted to a similar degree 

Situated just in front of the markings of the lambdoid sutures and approximateh 
35 mm lateral to the lambda are tw o small rounded ele% ations of diameter less than 





200 


A D Pachei 


20 mm They aie symmetrical in position, the rijlit is slightly more obi ions than the 
left bnt neither is we 1 defined There are no co^sponding elevations orthriU.m 
The contours of cast and brain over the remainder of the lateral regions conesnond 
airly accurately and need no further description 


Fiontal and infeiioi legions (Figs 1-4 and 9-12) 

Neai the midline the rounded frontal poles of the cast continue inferiorly into 
a rather blunt orbital keel which projects downwards for only a short distance 
Compared with the brain the keel is slightly broader and projects don nuards a little 
more, but it represents quite closely the brain contour 
The orbital surfaces of the cast are concave from side to side and less markedly so 
from before backwards As the medial border formed by the keel projects farther 
downwards than does the lateral, the orbital surfaces look laterally as ncll as down- 
wards The lateral border has several notches in it and ends posteriorly m a jiro- 
jection marking the position of tlie orbital operculum, 'which is more obvious on the 
left side of both cast and brain These opercula are more prominent on the cast and 
in frontal view' give a quadrangular outline compared with the more rounded contour 
of the brain 

In the brain the insula is partly exposed on both sides, particularly on the right, 
whereas on the cast the notch at the stem of the lateral sulcus is wider on the left 
The contour of the temporal lobes of the brain is accurately shown by the cast 


SULCAL PATTERN 

Fiontal legion (Figs 9-12) 

On the orbital surface of the frontal lobe of the cast there is some sulcal ji.it tern 
present, but it does not accurately represent the sulci of the brain— -some of the 
widest sulci not being lepresented on the east, while some small but w ide depressions 
on the gyri are well marked on the cast On the upper and anterior surfaces of the 
frontal lobe there are several ill-defined depressions on the cast, on both sides, those 
corresponding to the superior frontal sulci can be made out fairly rc.idil}' On the 
right side comparison with the brain shows that there is a depression on the cast 
corresponding to a wide longitudinal furrow on the superior frontal gyrus Tw o oilier 
depiessions he along the line of the front-marginal sulci None of the other groosis 
accurately coiresponds to a sulcus but several of the smaller ones coincide with short 
wude depressions on gjm 


Panetal legion (Figs 1-4) 

The stem of the lateral sulcus and its posterior limb are accurately indicated on 
both sides of the cast by a w'ell-marked groove extending to just below the parietal 
eminence The anterior horizontal rami are not indicated on either side On both 
sides of the cast there is a definite short groove lying just in front of the coronal 
suture marking the anterior ascending rami he mainly just anterior to these groos cs 
although the lower part of the left anterior ascending ramus coincides with the lower 
part of the groove It is probably more accurate to say that the groo^ e im ica c i 
LpLssed part of the brain betw'cen the fronto-parietal and frontal opereula On 
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neither side of tlie cast is the central sulcus accurately indicated On both sides there 
IS a depression Ij ing posterior to the upper part of the bregmatic branch of the middle 
meningeal arter\ and in each case the low er part of this groo'v e coincides w ith the 
position of the middle of the central sulcus, the coincidence being more exact on the 
left side The upper parts of the central sulci he posterior to the grooi e No other 
groos es of the parietal region accurately correspond to any sulci There is a definite 
short depression just abo\e and posterior to the right parietal eminence which 
corresponds w ith a parth depressed gtTus (the anterior part of the supenor parietal 
lobule) Ij ing immediately postenor to the upper end of the post-central g>Tus 
How e\ er, on the left side of the brain there is a similar sunken gyrus but no groor e 
on the cast 

Occipital region (Figs 5, 6) 

There is no sulcal pattern obnous in this region of the cast On the right side there 
is a groove lying immediately^ behind and parallel to the lambdoid suture marking, 
but this does not correspond to any' sulcus on the brain The lunate sulci are situated 
entirely' posterior to the lambdoid sutures The sulcus on the left side is wnde and 
deep compared with that on the right, but it is not represented on the cast The 
lunate sulci are farther from the lambdoid suture than Shellshear (1934) found in his 
material 

Temporal region (Figs 1-4, 9 and 10) 

In this part of the cast there are some short, relatn eh well-marked depressions on 
the lateral and inferior surfaces They do not he accurately along the line of the sulci 
on the right side, but on tlie left side four such small notches mark the position of 
the anterior end of the inferior temporal sulcus The parallel sulci are not represented 
on the cast, m spite of the fact that on the right side of the brain the sulcus is 
widely open 


MARKINGS OF VESSELS AND CRANIAL SLTURES 

These markings are \er\' similar to those on endocranial casts of European man 
The\ are illustrated in Figs 1, 3, 5, 7 and 9 The well-marked ridges formed by the 
middle meningeal \essels are named according to Ruggeri (1913), and the pattern 
of the ridges corresponds to ty pe I of that author’s classification for modern man 
The pattern also agrees in basic plan with that depicted by Schepers (Broom 
ik Schepers, 1946) 

DISCUSSION 

In general, the endocranial cast here described maA be said to gn e a fairh accurate 
indication of brain shape and contour The mam discrepancies are due to proansion 
for cerebrospinal fluid circulation, the bregmatic and the two parietal ‘pools’ 
causing definite elevations near the midimc It is probable that lacunae laterales and 
cerebral a eins ns w ell as arachnoid granulations take part in forming these eminences 
The apparent flatness of the cast in the region between the parietal ‘pools’ and the 
occipital poles can be interpreted as due to contrast with the adjacent eleaations 
This interpretation is strengthened b\ considering the brain contour, which is more 
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Aitt ^ development m the pre-oeeipital region of the 

Australian aborigine, but it is not clearly evident in this brain Although there is 
soine fullness of the cast in the region of the coronal suture, there is no definite 
evidence of any subcoronal stream of eerebrospmal hind as described and depicted 
by Keith (1931) for modern man and some lower types 

The sulcal pattern is pooily marked on the cast, this is in general agreement uitli 
the other bram/cast comparisons made m the European and the ehimpaiwee 
A number of short, relatively deep depressions on the cast coincide in position w ith 
widely open pits or furrows along the coiuse of some gyri (most obvious in the 
temporal region), oi with widely open parts of sulci (eg the left-infciior temporal 
sulcus) These findings support those of Hirsehler who has pointed out that v idclv 
open lather than deep depressions on the brain are moie likely to correspond vitli 
depressions on the cast, and that such depressions are of little value m Avoiking out 
the sulcal jiattein On the other hand, a numbei of depressions on the cast do not 
appeal to coincide with any hollows of the brain sui face Hirschlci has also mentioned 
that a depressed gyrus may cause a gioove on the cast, and tins is sliown on tlie light 
side of this cast However, as the groove is situated between the elevation of the 
right parietal ‘ pool ’ and the right parietal eminence, there must be some doubt about 
this interpretation, the more so when one considers that on the left side of the cast 
theie is no depression corresponding to a similar sunken gjTus There arc otlici 
instances of widely open brain depressions (e g the right parallel sulcus and the left 
lunate sulcus) not obscured by the bregmatic or parietal ‘pools’ and yet not rcpic- 
sented on the cast Obviously, the various structures and tlie cerebrospinal fluid 
lying between biam and skull must play a part as ‘obscuiing factors’ 

The sulcal pattern of the cast is also made more difficult of interpretation by tlie 
markings of the meningeal vessels The main vascular markings arc well-defined 
ridges which give the impression that there is a groove on either side of tlicin llic 
most obvious example of this is in relation to the maikiiig of the central sulcus uhosc 
middle part coincides with a groove between the bregmatic branch of the middle 
meningeal vessels and the parietal eminence The lower part of tins groove docs 
conespond in position to the middle of the central sulcus, but whether thcic is 

a direct relationship seems more doubtful 

Hirsehler and others have indicated the difficulty of deciding from a cast the 
degree of exposuie of the insula This is well borne out here, for, on the cast, the 
stem of the lateral sulcus is wider on the left side, while, on the brain, the insula 
(because of the poorly developed orbital and frontal opeicula) is more exposed on 
the right The explanation of this discrepancy is not apparent , ^ „ 

The brain/endocranial cast studies on primates so far made all show the difficu ^ 
of correctly infemng the sulcal pattern from the cast markings, even 
where there are well-marked grooves It seems probable, therefore, that u c 
pretation of the sulcal pattern on endocramal casts from fossil skulls is likewise li.i i 
I .s suggestra that such casta nught well he reetutl,=cl after an cUo„M,c 
prelnunary cemp^son of bra.n and cndoctantal cast ,n hv.ng pr.matc. 
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sujiaiary 

1 An endocranial cast prepared from the skull of a full-blooded Australian 
aborigine is compared ■« ith the corresponding brain 

2 The shape and contour of brain and cast correspond fairh accurateh except 
superiorl}^ near the niidlmej where elei ations on the cast are produced b) collections 
of cerebrospinal fluid, arachnoid granulations and probabl}', also, bj lacunae 
laterales and cerebral veins 

3 The sulcal pattern is poorly marked on the cast and few sulci are easilj 
identified, a number of the grooies on the cast do not coincide with the position of 
sulci Some of these grooves indicate the situation of short wide depressions on the 
brain, usuall}' along the course of gyn, but sometimes along sulci 

4 On the other hand, se\ eral wide sulci or parts of sulci are not represented on 
the cast 

5 The markings on the cast caused by \ essels and sutures are illustrated These 
markings (and the midlme ele\ ations) tend to gn e an erroneous idea of the presence 
of grooves lying alongside them 

G The degree of exposure of the insula cannot be inferred from the cast 

7 These results are in general agreement w ith those of other more recent brain/ 
endocranial cast comparisons in modern man and the chimpanzee 

This w ork w as commenced in 1989 at the suggestion of Prof F Goldb% , to w horn 
I am indebted for advice and references It was completed in 194S wnth the 
encouragement of Prof A A Abbie, who gave further ad\ ice and further references 
to literature 
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EXPLANATION OF FIGS 1-12 
All drawings are reduced to just less than half size 

Figs 1, 3, 6, 7, 9, 11 are tracings from photographs of different vieivs of the cndocranial cast Lepre^aioiis 
are indicated by cross hatchmg, elevations, vascular and sutural marlongs are also shown 
Figs 2, 4, 6, 8, 10, 12 are tracmgs from photographs of comparable \news of the bram Widolj open sulci 
are indicated by shadmg, the sunken gyri are also shoivn The mam sulci are labelled according to 
Shellshear (1937) 

Abheviations 


AO 

anterior occipital sulcus 


OT 

occipito temporal sulcus 

B 

bregmatic ‘pool’ emmenoe 


P 

parallel sulcus 

C 

central sulcus 


Pa 

paroccipital sulcus 

08 

coronal suture 


PE 

parietal emmence 

D 

diagonal sulcus 


PoC 

post central sulcus 

E 

small emmence above lambdoid suture 

PP(L) 

left parietal ‘pool’ eminence 

F 

longitudmal furrow on superior frontal 

PP(E) 

right parietal ‘pool’ ominonco 


gyrus 


ra 

ramus astencus 

FM 

fronto margmal sulcus 


rh 

ramus bregmatious 

IF 

infenor frontal sulcus 


rl 

ramus lambdaticus 

tp 

inferior petrosal sums 


rpo 

ramus pre obchous 

IPG 

infenor pre central sulcus 


TO 

ramus obeheus 

IPoO 

inferior post-central buIcus 


SF 

supenor frontal sulcus 

IT 

inferior temporal sulcus 


SO 

siuikon gyrus (antorioi part of superior 

L 

lateral sulcus 



parietal lobule) 

Laa 

anterior ascending branch 

of lateral 

SI 

sigmoid smus 


sulcus 


SPC 

superior pre central sulcus 

Lah 

anterior horizontal branch 

of lateral 

SPoC 

supenor post central sulcus 


sulcus 


SP8 

squamo parietal suture 

LS 

lambdoid suture 


88 

sagittal suture 

Lu 

lunate sulcus 


Sh 

supenor sagittal smus 

MF 

middle frontal sulcus 


TO 

transierso occipital sulcus 

OP 

occipital pole 
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BONES, MUSCLES AND VITAI\nN C 

n PAETIAL DEFICIEJ\"CIES OF ^TTMNIDf C AND MD DIAPHYSEAL 
THICKENINGS OF THE TIBIA AND FIBULA IN GUINEA-PIGS 

B-i P D F JIURRAY",* Department of Zoology, University of 
Sydney N S If , Australia 

AND 

E KODICEK, Dunn Nutritional Labot alory. University of Cambridge and 
Medical Research Council 

INTRODUCTION AND EARLIER OBSER^ ATIONS 

In earlier papers (Kodicek & ^Inrraj, 1943, Murray & Kodicek 1946) ire briefly 
reported the formation, in guinea-pigs kept on diets partialh deficient m vitamm C, 
of 1 erj' extensive diaphj'seal thickenmgs of the tibia and fibula The present paper 
contams a more complete report on those changes, v hich i\ ere centred about the 
middle of the diaphjses Other ^structural changes i\hich occurred at the proximal 
ends of tibial diaphyses m the same material are described m the third paper of this 
series The expenments v ere those described m the first paper of the senes (ilurraj <k 
Kodicek, 1949), they are summarized m Table 1 of that paper 

This IS not the first occasion upon i\ hich the development of nei\ sub-penosteal 
bone has been obsen'cd m guinea-pigs durmg prolonged partial deficiencies of 
ntamin C Hojer (1924) constantlj found osteoporosis of the javr accompanied bi 
the formation of spongy porous bone on the surface His illustrations leai e no doubt 
that this spong}' bone resembled that described on limb bones m the present paper, 
indeed, Hojer comments that a similar tissue ivas formed on the diaphi ses of long 
bones in the presence of a fracture or other circumstances leading to increased 
periosteal activity 

More recentlj , Jlouriquand and lus colleagues (1937, 1938, 1940) have described 
diaphvseal thickenings as seen m radiographs i\hich leave no doubt of the 
identitj of the phenomenon with that is hich we have obsen ed, but so far as is e are 
ais are they hai e published no histological study They, like us, find the tluckemngs 
to be formed in prolonged partial vitamin C deficienci but, since thei made no 
fractures, thei did not obsen e the connexion isith injurv (see belois, p 214) We 
hai e not seen the irregular osteophytes which they describe, but as these are said to 
depend for them formation on the presence of lemon juice m the diet which ii e did 
not use, this is not surpnsing Some of their radiographs shois the bois-legs and tlie 
slope of the proximal epiphysis of the tibia described belois 

A number of authors (eg Baetjer, 1919, Bromer, 1928, 1943, Scott, 1941, 
Wimperger, 1935) hai e described the appearance of i erj large subperiosteal haema- 
tomas on the long bones of cluldren suffermg from scunx (Barlow’s disease) These 
calcifi, and probably ossifj, after organization Similar changes were found in 
monkejs hi Hart tk Lessing (1913) 

* This ssork IS as done while the first author was at the Department of Biologs St Bartholomew s 
Hospital Medical College 
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Finally, we are permited to mention a comment by m Last of the Royal College 

wbfob"^?'''’ f tliat he had seen rLhoerraphs 

h ch showed diaphyseal thickenings m the legs of scorbutic Ethiopians ,doscb 

resembling ours taken from guinea-pigs Of course, similar thickenings arc mcII 
^own in Man under circumstances not suggestive of any vitamin defiefenej, as in 
the clnonic peuostoses of syphilis, and in obscure circumstances in infants (Canci 
1946, von Chian, 1938, Ellis, 1938-9) ^ 


EXPERIMENTS, MATERIAL AND METHODS 

These were the same as for the first paper of this series (Murray & Kodicek, 1910), 
and aie theie described The most important features of the experiments are sum- 
marized in Table 1 of that paper 


MID-DIAPHYSEAL SUBPERIOSTEAL THICKENINGS 


Mid-diaphyseal ilncLemngs %n noimal ainmals 


The subperiosteal thickenings seen m the animals kept on diets paitially deficient m 
vitamin C proved to be an exaggeration of a change seen m the tibiae and fibulae of 
dietetically normal animals with fractured fibulae In these animals (group 1 of 
Exps 3-6), the radiographs taken at 14 or 19 days after the operation (the earhesl, 
except those made on the day of the operation itself) showed a thickening of the 
tibial and fibulai diaphyses, in the operated legs (PI 1, figs 1, 2B) In the filiula this 
occuried in the neighbourhood of the callus, and was indeed an extension of it, but 
might extend for considerable distances above and below the site of the fracture, 
and was evidently to be identified with the ‘distant periosteal reaction’ described bv 
Hertz (1936) In the tibia it appeared from the radiographs to be related to the mid- 
diaphyseal region, where the concavity of the bone is greatest, rather than to the 
position of the fracture in the fibula It was nearly always a slight supeificial 
thickening such as is shoivn in PI 1, fig 1, but m a few cases it vas larger 

The radiographs suggested that these thickenings were due to the deposition of new 
periosteal bone, and this was confirmed by sections (PI 1, fig 5) The mode of then 
formation in dietetically normal animals was investigated m eight guinea-pigs m 
each of which a fibula was fractured and which were killed 1. 2, 3, 4, 5, 0, 7 and 
9 days later These animals are included in Table 1 as part of Exp 1 Wc studied 
longitudinal sections which passed through the tibia and fibula of the operated legs, 
including the region of the fractures and a considerable length of both bones abo\ c 


and below it 

No description will be given here of fracture repair in these animals, because it is 
hoped that one of us (P D F M ) will discuss certain of its problems later 1 he 
conditions foreshadovang the development of the thickenings are seen m the animals 
killed on the first to third days after the fracture In these, the periosteum of both 
tibia and fibula is, over ivide areas, lifted away from the bone by oedema am lac- 
morrhage beneath it (PI 1, fig 6) In the specimens killed on the second and ii 
days cells had filled the space betv^een the fibrous layer of the P^«'tcum and t c 
bone (PI 1, fig 7) and mitoses were numerous among them In t le anima i c - 
* dayfthek J ve.y early bone fonnat.on m the enlarecti eamb.al t.ssnc Man 
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formed on the lateral surface of the tibia The first new bone contained m its matrix 
great numbers of small basophil granules These were also formed m the callus which 
later developed about the point of fracture, and m the subpenosteal thickenmgs of 
animals on diets partially deficient m \ itamm C, thej u ill be mentioned again in the 
latter eonnexion At 4- days, the formation of the new subperiosteal bone had begun 
on the fibula (but not in the immediate neighbourhood of the fracture, where the 
periosteum uas dead or absent, hanng presumably contracted away), and on the 
adjacent lateral surface of the tibia (PI 2, fig 8) In succeeding days, there was further 
development of this bone, resultmg in the formation of short thick trabeculae 
extending from the old surface of the diaphysis to the fibrous layer of the periosteum 
(PI 1, fig 5) It IS noteworthy that the new bone is not a simple addition to the old, 
formed by an inereased rate of deposition of compact bone resemblmg that already 
formmg the diaphj seal w aU, but is architecturally a new structure 

In animals killed many days (e g 94, 102) after the operation, and kept througli- 
out on a diet fuUj' supplemented with the necessary vitamins, the trabecular 
bone thus formed was found to ha\e been made compact b\ deposition on the 
trabeculae, the spaces betw een them being thus reduced to no more than vascular 
channels Nevertheless, the irregular orientation of the fibrillar structure still made 
it easy to distmguish betiveen the new' bone and that of the onginal diaphysis, with 
its much more regular structure Frequently, layers of regular bone, in all respects 
normal, had been formed cxtemall) , by deposition on the surface m a cambial layer 
w hich w as no longer abnormally thickened The bone earlier formed m the widened 
cambium, after injury, could then be seen sandwiched between tivo layers of more 
regular bone, one situated internally, and the other externally to it, or it might be 
found hnmg the marrow cant} if the original diaph} seal w all had been completel} 
remo% ed from wnthm in the course of normal growth of the tibia 

Animals on diets deficient in vitamin D 
These animals showed no differences of any kind from the normal animals 

Mid-diaphyseal thickenings in animals kepi on diets partially deficient in vitamin C 

In these animals the diaphyseal thickenings might be absent, and when present 
might range from thickenings as small as m the animals on normal diets to lery 
large indeed (PI 1, fig 2D, PI 2, fig 9) Table 1 summarizes the occurrence, in the 
partially deficient groups of Exps 3-6, of tluckenings w hich w ere larger than were 
usually seen in animals of groups 1 and 2 of these experiments (which had ample 
^’^tamln C tluoughout) The Table mcludes both mid-diaph} seal tluckenmgs of the 
tibia and fibula, and similar thickenings at the proximal end of the diaphysis 

Table 1 

(Explanation m text) 

r xps 3 and 4 group 3 5 cases out of C legs 


4 a 28 

Exps 5 and G, group 3 10 19 

4 9 20 

5 1 S 

C 2 8 
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The siitictui e of the thickenings 

of ae dl tL' T't 0" «>o surface 

] 7 1 ? thickenings were thus periosteal structures, and ivere tlicrefore 

limited to the diaphyses of the bones tiicrelorc 

In the normal bone of the diaphysis of the guinea-pig’s t.bia oi fibula, the fibrous 
architecture is longitudinally arranged and shows a lamellar structure only m iiart 
The remainder of the bone is, m the words of Weidenreich (1923, 1930), and other 
erman authors, a parallel -fibred fine fibrous bone The new bone is not a meu 
continuation and enlargement of the existing structure, but has a new and quite 
diffeient architecture (PI 2, fig 11) wluch is abruptly joined to the old and docs not 
pass into it by gradual tiansition Usually, one or several lines of ‘ cement ’ mten one 
at the periphery of the old bone and demarcate it from the new Often, honever 
recognition of the boundary between the old and the new is made difficult by the 
extieme degree of porosis wluch the old may suffer, for it may be so dissected that its 
fragments simulate trabeculae of the new bone, and this resemblance may be 
increased by the deposition of narrow layeis of new bone over the surfaces oi the 
remaining parts of the old 

In transverse sections of the diaphysis of an affected bone (PI 2, figs 9-11), the 
thickening usually consisted of rather nanow bony trabeculae radiating to the 
periosteum and joined by occasional cross connexions Tangential sections (PI 2> 
fig 12), however, showed that the radiatmg trabeculae were leally fiattened plates 
running longitudinally, at right angles to the surface of the old bone, from it to the 
periosteum How far this verbal description exaggerates the regularity of the 
stiucture will be seen from the photographs 
Most of our sections showed the new radiating trabeculae arising troin the compact 
but now porotic original bone of the diaphyseal wall, but in some cases the rcsorji lion 
of the compacta from the side of the marrow, occurring m the normal course of 
growth, combined with the porosis and ivith the superficial resorption wliicli often 
precedes the development of the new trabecular bone (see below), led over vide 
areas to the total destruction of the old bone The diaphyseal wall then consisted in 
these regions entirely of the radiatmg trabeculae In otlier cases it could be seen 
that the destruction was not quite complete, an almost entirely trabecular vail being 
completed by a narrow zone of old compact bone (PI 3, fig 13) 

At the surface of the new bone there was often found some attempt to loim 
a peripheral bony shell joinmg the ends of the radial trabeculae, tins structure ivas 
usually very mcomplete (PI 3, fig 14) 

The surface of the thickening was covered by the fibrous layer of the periosteum 
Beneath this, there might be groups of cells clustered round the ends of trabeculae 
still growing in length, or covering the surfaces of the developing pcriplier.il lioi.y 
shell Where tlie general connective tissue of the limb, outside the periosteum, nas in 
the hyperplastie condition described m the earlier paper of this senes the l.bmus 
layer of the periosteum tended also to be involved, and might m part disappear 
dissolvmg into the cellular and fibrillar tissue which replaced he normal soft tissue 

of the leg Such dissolution of the periosteum, ii hen seen at nil, a as confmti o ] a 

01 xne leg tron«!VPrse sections Where it occurred, there vas no 

only of the circumference in transverse sections mi tmhcuilat 

sign of any attempt by the new bone to form a superficial shell n.e Irahee, 
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appeared to radiate outwards into the general connective tissue of the leg, but in 
fact they did not become longer m these regions than elsewhere, i e they did not pass 
beyond the zone which could be recognized, by extrapolation from the remaining 
parts of the periosteum, as ‘belongmg’ to the bone 

The tissue betw een the trabeculae of the new bone was a loose connective tissue 
with a delicate fibrillar stroma whose fibrils ran into the bone The cells had usually 
the appearance of fibroblasts, many of them were flattened agamst the trabeculae 
In places cells w ere found agamst the bone m more or less regular rows, or grouped 
around the ends of the trabeculae There can be no reasonable doubt that these w ere 
osteoblasts, but they often lacked the regular form and arrangement of normal 
osteoblasts, a feature w hich has often been reported m animals suffenng from various 
degrees of scurvy 

Vascidariiy of the thichemngs 

A remarkable feature in many of the fully^ developed thickemngs m animals which 
had been for long periods (up to 17 weeks) on the experimental diets was the small 
number of blood v^essels m the connective tissue betw een the trabeculae In some, 
there were a few channels resemblmg capillaries but wuthout red corpuscles, wlnle 
others seemed to be completely, or almost completely^ av^ascular This condition 
prov ed to be associated wnth the connective tissue hyperplasia m w hich, as described 
in the earlier paper, part or the whole of the musculature of the hmb vias locally 
replaced by a loose connective tissue in which blood v essels were scarce, and m which 
many of those wluch were present w ere structurally abnormal and contamed few or 
no corpuscles There were sev'en limbs havmg mid-diaphyseal thickenings which 
were partly or wholly'' v'ascularized, mdeed m some hyperaemic, and in each case the 
connectiv e tissue of the hmb was either not hyperplastic or only slightly so It thus 
seemed likely tliat the avascular condition of the new bone was a result of the similar 
condition m the soft parts of the limb, from which the normal periosteum probably 
receiv'es at least many' of its blood v'essels It may' be noted that the yascularity' of the 
old diaphy'seal w all and of the marrow was not affected in this condition 

The seyen limbs just mentioned, which had well vascularized subperiosteal 
thickenings, were from animals that lived on the experunental diets for the following 
periods 22, 23, 87, 39, 55 (two animals) and 77 day s This seemed to suggest that 
thickenings when first formed might be well vascularized and lose their v essels later, 
perhaps w ith the dev elopment of the connective tissue hyperplasia We therefore 
studied the v aculanzation of the dev'eloping thickenmgs m the tibiae of chetetically 
normal animals having fractured fibulae (material from Exp 1, see Table 1, Part 1), 
and of the partially deficient animals m Exp 9 (see Table 1, Part 1) In the diete- 
tically normal animals killed at 4 and 5 dav's after the operation, the tissue of tlie 
widened cambial lay'cr of the periosteum was almost avascular, the vessels of the 
periosteum having failed to keep pace wath its growth At 6 and 7 davs, the tissue, 
in v^hich y'oung bone was developing, showed sparse capillarv vessels containing 
blood corpuscles, and by 8 day s the new tissue was well v asculanzed Thus the early 
failure of the periosteal vascular system to keep pace wath the changes in the 
cambial zone w as quickly rectified In later stages, the thickenmgs of the dieteticalh 
normal animals w ere alw av s w ell v asculanzed by blood v essels betw een the trabeculae 
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foil n If ™ the other hand, the vessels of tliciicriosteum 

^!wth ?®ff T°"' ‘ ““ °f the eambml layer and the 

growft of the jietv bone, whieh therefore developed from the begmnmg ,n an almost 

completely avascular bed It should be added that, m all eases m Evp 9 m vludi 
new bone formed, the soft tissues of the limb either showed lupcrplasia of the 
connective tissue, or degenerative changes in the muscles which, as described in the 
earlier paper of this series, are knmvn to precede the hyperplasia 
The formation of new bone m an avascular bed has theoretical interest, for the 
observation that, m noimal callus formation, cartilage appears m avasculai regions 
while bone forms in regions well supplied with vessels, has led authors (c g Wm mbach, 
1928) to legard vascularization and the lack of it as the factor deleimnnng the 
differentiation of the two sorts of tissue The present observation shows that a rich 
vascular supply is not a necessary condition of bone formation 


Fine stniciuie of the new hone 


The bone which makes up the tiabeculae of the thickenings could usually be seen 
to be of two kinds which we shall distmguish as ‘fibnlJar’ and ‘granular’ bone (PI 3, 
figs 15-17) Granular bone was found foiming a core to the trabeculae, or as isolated 
islands m them The surfaces of the trabeculae were covered with fibiillar bone 
which must, theiefore, have been deposited later than the gianulai Tlic granular 
bone had the following eharactei The lacunae were of laige and irregulai form, being 
produced into processes from which it was rarely possible to see that toituous 
canahcules ran off into the matri-s. Exammed with a high power, the matrix i cvcalcd 
itself to contain, or indeed laigely to consist of, great numbers of small rounded 
granules (PI 3, figs 15, 16) These were basophil, they, or possibly a substance 
formmg a film over their surfaces, stained with haematoxylin, and thej’’ thus gai^c 
the tissue a tendency to basophilia which helped to accentuate its contrast against 
the fibrillar bone which covered the granulai bone and stained with eosin The use of 


Wilder’s method for the silver impregnation of collagen fibres showed that the 
granular bone contained few fibres, and m places apparently none Examined with 
the aid of polarized light, the granular bone ivas not birefringcnt (after dccalcifiea- 
tion) The granules were best demonstrated with Giemsa, whicli gave them a red- 
puiple colour and showed that they lay m a matrix winch stained with eosin 
Notlnng IS known of the nature of the granules, they ha^ e been obseivcd m vanous 
situations by other authors, as by Weidenreich (1930), who considers tliat cacli 
granule lepresents a site from which the bone mineral, deposited m molar r.itlier than 
m molecular dispersion, has been dissolved away m decalcification, Icavipg bthincl 
the organic matrix whose staining properties its earlier presence had in some way 

“Ttetormafon of granular bone n-as not a result of the partial dcrieicaey of 
vitamin C for m dietetically normal animals the first bone to appear in 
foimaiL and rn the development of the thickenings, nas of this eliaracter, .mil it 

-Tr^rbonl m“ and vitainii. C-deneiciit ai.iinaK had Uic 
Structure and birefrmgency of normal bone 
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Dndopment of nud-diaphi/seal thickenings in partially vitamin C-deficieiit animals 

Experience showed that the deielopment of large subperiosteal thickenings was 
most likelj to occur in the tibiae and fibulae of legs whose fibulae had been fractured 
w hile the animal w as on a diet partiall} deficient m \ itamm C and radiographs and 
other evidence indicated that early stages would be found in the first 3 w eeks after 
infliction of the injurj Accordmglv, Exp 9 was performed A fibula of each animal 
was fractured and the animals killed at mten als The material obtamed was studied 
mostlj in transierse sections because we washed to know whether a swellmg of the 
periosteum preceded the appearance of the new bone, and in longitudmal sections it 
IS eas} to be deceived into a false impression of the wadth of the penosteal tissue 
We took sections from positions estimated to be close enough to the fracture to be 
wathin the region in wluch we might expect the penosteum to be affected, but not 
so close to it as to be watlun the region in which the penosteum was killed In 
addition, some series w ere sectioned longitudmallj 

The sections show ed that the formation of a thickening can be arbitranlj dn ided 
into fii e stages Although the histological picture showed that these stages must 
follow one another, nevertheless, the last stage could be found so soon after the 
injurv tliat it could not possibly have developed as a result of its mfliction, for 
example, in one of the legs fixed at 3 dajs after the fracture In such cases the bonj 
thickening must have begun to develop before the fracture occurred, this is not 
surprising, for other experiments showed that as great thickenmgs could develop 
in partially deficient animals which had not suffered anj intended injurj' as in 
those which had (see below) A thickenmg may continue to grow penpheraUi for 
manj w eeks after the operation and m such cases all the stages may be found, from 
stage 3 just below the periosteum to stage 5 close to the old bone 

The five stages wall be described in order 

Stage 1 This stage w as seen in material from legs fixed at 3 and 5 days after the 
fracture The condition of the periosteum resembled that described m normal 
animals in the first das s after fracture It appeared detached from the bone and it 
w as often haemorrhagic This stage was one of passn e injurj , it began to gn e waj 
to the eients of the second stage in some of the 3-day material Both tibia and 
fibula often showed signs of resorption at their surfaces, with osteoclasts in How- 
ship’s lacunae 

Stage 2 Tlus stage was cliaracterized b> the formation of a loose and oedematous 
connectn e tissue beneath the fibrous laj er of the periosteum and filling the space 
between It and the surface of the bone (PI 3, fig 18) The tissue consisted of rather 
star-like cells in a delicate fibrillar stroma, it might show a radial orientation of 
its fibrils and cells, recalling that described abose for the bom trabeculae soon 
to be formed, or it might show little or no regularitj JIans of the cells were in 
mitosis Cell diMsions occurred much less frcquentlj, if at all, in the fibrous laier 
of the periosteum, but the histological picture suggested that the fibrous laj tr might 
loosen on its inner face and some of its cells be added to the tissue below Because of 
Its position betw een the bone surface and the fibrous laj er of the periosteum, this 
tissue w as ei idcntlj an enlarged periosteal cambium 

E\ idcnth , the enlarged cambium had formed in the space created in stage 1 bs 
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the separation of the periosteum from the bone Sucli a space could onh exist ,f 
e ther the periosteum had stretched to cover a longer circumference or if the c,;. 

waT!r''''^ that tlicrc 

was m many cases a decrease in the circumference of the bone, for the histolo.ieal 

picture sometimes showed very clear evidence that there liad been resorption of 

bone from the surface, the surface was jagged and osteoclasts vere seen hinrr 

Howship s lacunae (PI 3, fig 19) The occurrence of such superficial rcsorpLn 

was, however, not invariable, and even if it might sometimes be sufficient to account 

tor a rather narrow although Avidened zone, formed within a few da vs of the mjurj , 

between the fibrous layer and the old bone, it certainly could not account for the 

great width of the space wluch the new bone eventually occupied In order to do so, 

the resorptive process Avould have had to remove the whole thickness of the original 

diaphyseal wall, which did not happen There must, therefore, have been both 

a reduction m the width of the bone, caused by superficial resorjition, and an 

increase in the circumference of the periosteum, and it is the latter vhich accounts 

for by far the larger part of the space eventually occupied bj’’ new bone 

Stage 3 In the diffuse mesenchyme-hke connective tissue into which the cambial 
zone of the periosteum transformed itself m stage 2 theie now appeared groups of 
larger cells with dense cytoplasm and rather big vesicular nuclei (PI 4, fig 20) 
These were found near the fibrous layer, near the bone, or anywhere between the 
two They were osteoblasts concerned in the formation of the new bone, but for 
their jiosition and knoivn latei history they would not have been recogni/cd as 
osteoblasts, being still more like fibroblasts than like the osteoblasts of later stages 
in bone development They seemed to be formed by a diffeientiation from otlicr 
cells resembling mesenchj''me cells or fibroblasts, rather than by the dnusion of 
pre-existing differentiated osteoblasts, for there were all transitions between them 
and the other cells of the widened cambial zone, and between them and tlie flattened 
cells of the fibrous layer 

Stage 4 In this stage there began the formation of a tissue which was evidently 
identical with the granular bone which Ave have described as forming the cores of 
trabeculae in later stages, and which AVas also the first bone formed m the callus of 
fracture repair in normal animals It appeared among and between the cells described 
above as formmg groups in the Avidened cambial zone, and seemed to consist of 
a homogeneous or fibrillar matrix in Avhich the basophil granules A\ere deposited 
It Avas usual for the group of cells among Avhich the granular bone formed to be 
arranged radially (PI 4, fig 21), thus forecasting the radiating architecture seen m 

the neAV bone in later stages , r t r 

Stage 5 During osteogenesis in the enlarged cambial zone, the formation ol 

aranules was a feature of early stages, and at any one point on a developing tniliccula 
Ln gave place to the deposition of Sbrillar non-granular bone such as is foiiml in 

the normal skeleton This was the beginning of stage 5 Very """ j 

granular bone were separated by a cement layer, but this was not alnavs so . 
sometimes a few granules could be found in the young non-graniilar i 
thus be led to suppose granular bone to be a stage in the 
or vice versa This was refuted by the pemistence, in animals ^ 

fraetnre, of granular bone m the cores of the trabeculae, nlille the more 
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formed bone co% enng their surfaces uras non-granular The opposite suggestion, that 
non-granular bone developed into granular, or that the granules formed in it uhen 
it became necrotic, is put out of court by the earlj formation of granular bone, mth 
the granules present from the first, before the fibrillar bone appeared 

The cells concerned in the formation of non-granular bone vere often regular senes 
of tj pieal osteoblasts, and were ab\ a^ s more osteoblast-hke than those found on the 
surface of de% eloping granular bone 

Porosis and the nero bone 

The veil -known porosis of scurvj (Pi 2, fig 9) had appeared in all the sectioned 
bones of partiallj deficient animals of Exps 3-6, except m tw o or three from animals 
which died before it developed It was usualh considerable, the old diaphj seal wall 
showing many large and irregular canties Sometimes the porosis was so great as 
almost totally to destroy the old diaphyseal wall Osteoclasts were often present, 
attached to the walls of the canties, and suggestmg that resorption was still going 
on, but m other cases the canties showed that there had been deposition of bone on 
them walls and rows of osteoblast-hke cells supported this One would be inclined 
to suppose that the resorption must have occurred during the days of total depriva- 
tion of the vitamin, and that the deposition had been made possible later, when 
limited supplies of ascorbic acid were allowed, but this is refuted by the absence of 
porosis in those wluch died soonest, and bj Exp 9 (see Table 1, Part 1), in which 
porosis did not begin tdl long after the end of the total deprivation 

One of the most remarkable features of the histological picture was the limitation 
of porosis to the old bone, the new bone being free of it and shownng few or no 
osteoclasts Tlus does not mean that resorptne processes were completelj absent 
from the new bone, for occasionallj one could find mdications that slight resorption 
had occurred, but that the large canties made m the old bone were not seen in the 
new, and that what resorption did occur was balanced b\ deposition Exp 9, in 
w Inch Exps 5 and G w ere repeated with only unimportant differences, except that 
the animals were killed sooner and at regular mterv als, and that groups 5 and 6 w ere 
omitted, threw light on the time relations between the formation of the thickenmgs 
and the development of the porosis In this experiment, m which the last animal 
was killed at 44 days, porosis never amounted, in the tibia, to more than the ap- 
pearance of a few large holes seen in cross-sections of the wall, we did not studv the 
fibula in this respect thinking that the presence of a fracture m that bone would 
probablv’ influence the onset of porosis m it Our sections rev ealed no ev idence that 
porosis had begun in an^ of the three animals killed at or before 19 davs but 
suggested that it was begmnmg in two of those killed at 31 days, and m nine out of 
the ten killed at 34 dajs and later Subperiosteal thickenmgs were found in all 
animals killed at 37 dajs and later, and m some of those killed earlier Thus, the 
development of the thickenmgs occurred simultaneous^ wuth earlv stages in the 
porosis of the old bone It is, howev er, true that the dev elopment of the new bone 
was well advanced by the end of the experiment at 44 dajs, and at this time the 
porosis w as still onlv beginning, and most of the new bone seems to hav e been formed 
before the active porosis whose results were seen in the animals kept for much 
longer periods (Exps 3-0) In most of this older material, the histological picture 
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Thus the new bone is not only immune, at least relatively, from the porosis nhich 
destroys the old, but can continue to be formed even when the porosis of the old is 
advanced This may be connected with the poor vascular supply of the nev bone, 
but we could not find satisfactory evidence on this point 


Vtaphyseal tlnclemng and injui ij to the bone 

The difference betiveen the thickenings formed on the tibia and fibula of dictetically 
normal animals with fractured fibulae, and the much greater de\’'eIopment of nev 
bone, worthy to be called ‘hyperostosis’, which appeared m many animals on diets 
which were partially deficient in vitamin C, was quantitative and not qualitative 
The difference between the two dietary groups was in the thickness of the new bone 
which in the animals on partially deficient diets usually greatly e\ceeded that m the 
dietetically normal animals In addition, the trabeculae of the neiv bone were 
usually thinner, longer, more regular^ orientated, and more sharply diffcrcnlialcd 
mto granular and fibrillar bone in animals on partially deficient diets than in those 
on normal diets 


Thus the partial deficiency of ntamin C tended to cause an exaggeration of a 
structural change which, in dietetically normal animals, did not occur at all except 
after operative interference The combmed action of the two factors is emphaswed 
by comparmg Exps 3 and 4, in which the deficiency did not begin till 15 days nftci 
the infliction of the injury, with Exps 5 and 6, in which the dcficicncj’’ began more 
than 3 weeks before the injury I^Tien the time of origin and the growth of tlu 
thickenings were studied m the radiographs it was found that in Exps 3 and 4 the 
thickenings began soon after the infliction of the injury, and before the diet was 
made partially deficient (as in animals on fully supplemented diets), but only vent 
on to become extreme after the supply of vitamin C was reduced That is to say, the 
relatively slight thickenings which formed after the operation, on the fully supple- 
mented diet, went on to become hyperostoses under the influence of a partial 
deficiency of vitamin C In Exps 5 and 6, on the other hand, the partial dcficicncv 
of the vitamin did not mduce the formation of thickenings until after the operation, 
but the thickenings which then formed tended to become extreme more rapidly than 

did those in Exps 3 and 4 n t i < 

It was thus the operation which determmed the occurrence of the thickening at 

all, but the partial deficiency of vitamin C which caused its enlargement mto 


^ Ilf both dietetically normal and partially deficient animals it appeared to he 
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thirty limbs and subperiosteal thickenings formed m fourteen The difference is 
obviously insignificant 

Although in animals on normal diets there vras never anj development of sub- 
periosteal thickenings on the bones of unoperated legs, this did occur among the 
partially deficient animals In Evps 3 and 4, out of tventj -five operated legs of 
partially deficient anunals, ten (40 %) showed marked mid-diaphyseal thickemngs 
of the tibia, fibula, or both, and out of eleven unoperated legs such thickenmgs 
occurred in two (18 %) In Exps 5 and 6, out of mneteen operated legs, thirteen 
(68%) shoved mid-diaphyseal thickenings, and sis. (17%) unoperated legs out of 
thuiy-five showed similar thickenmgs In Mounquand’s experiments there was no 
operative mterference 

Formation of the ividened cambium 

We hai e seen that the formation of the widened periosteal cambium is a result of 
the detachment of the periosteum from the bone There was an obvious resemblance 
betveen mid-diaphyseal thickemngs and the callus which forms around a fracture 
in an otherwise normal animal, indeed, when such a callus v as present the thickening 
vas an extension of it A number of students of fracture repair have emphasized 
the impoidance of periosteal detachment for callus formation Thus, Lexer (1922), 
Koch (1924) and Haldeman (1932) regard its separation from the cortical bone as 
a necessary condition of callus formation, and the first tv o, if not the third, consider 
the amount of callus formed to be proportional to the degree of the separation, 
alv ays pronded that the periosteum retams its connexion with the surroundmg soft 
tissues from wluch it receives most of its blood supply It is well knoivn that periosteal 
detachment occurs in acute scurvj' Meyer (1928), in his study of acute scimy in 
guinea-pigs, commented that ‘ the periosteum usually can be stripped with greatest 
ease’, mentioning particularly the mandible We exammed bones of tliree animals 
in acute scur^•y, decalcifying three tibiae and exammmg cross-sections cut vnth 
a razor, the periosteum appeared to be completely detached over wide areas No 
injury had been inflicted Jleyer attributed the separation of the mandible from the 
periosteum to resorption of bone from the surface, and, as stated elsewhere, we found 
that such resorption occurred from the surfaces of limb bones It is perhaps significant 
that in Exp 9 (see Table 1, Part 1) the transverse sections of tibiae of animals 
killed in the first 5 days after fracture of the fibula showed the periosteum detached 
from the tibia, this had occurred before embedding and sectioning, for it vas seen 
in the decalcified material before these processes were begun, and was therefore not 
an artefact caused by them Later, after the de^ clopment of the enlarged cambial 
tissue, no detachment v as seen One cannot help suspecting that it may have been 
caused b^ resorption of superficial layers of the bone, after operation, re-attachment 
occurred vhen the subperiosteal space vas filled by the enlarged cambium 

Because of the known mabiht\ of scorbutic animals to make collagen fibres, by 
V Inch the fibrous laver of the periosteum is attached to the bone, it is easj to under- 
stand hov , ca en m a moderate scuiwy , this layer might ha\ e become detached from 
the bone by any factor tending to haa e such an effect, and would then ha\ e been less 
rcadilj attached to it again Among such factors may perhaps be included the 
fracture forceps, vhose use may perhaps drag on the penosteum of both bones 
An[itom\ S3 i = 
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tending to detach it However, the fracture forceps can have been onh a contri- 
butory factor, for the thickenings sometimes developed vhen there had been no 
op Ration Tins only happened m partially deficient animals, in both our experiments 
and those of Mounquand We think it possible that a mechanical factor operating m 
these (and other) cases may have been the pull of muscles on the peiiosteum 
especially when the animals resisted anaesthesia, before the taking of the i adiotrraiilis' 
by vigorous kicking This is perhaps supported by the frequent observation of thicken- 
ings which had grovm in steps, and showed an older zone of trabeculae vhicli had 
been closed peripherally by a shell, and external to this a new senes of younger 
trabeculae radiating towards the fibrous layer Each such ‘step’ could have been 
caused at the taking of one of the photographs Folks (1943) has shoim that the 
immobilization of a limb prevents the microfractures which, in scorbutic animals, 
otherwise occur close to the epiphyses 

In addition to the direct action of the forceps and contracting muscles, and perhajis 
more immediately important than either, was the oedema which followed injury to 
the fibula and which provided a fluid which, along with some haemorrhage, occujiicd 
the widened subperiosteal space 

We know that the mid-diaphyseal thickenings occurrmg m the tibiae of dietcticallj^ 
normal animals after operation were produced by the same detachment, oedema, 
cambial proliferation and bone formation, as in the partially deficient animals, and 
we must suppose that its lesser degree reflected a periosteum whose collagen fibres 
were less readily broken and more readily reformed, a bone wliosc surface layers ci c 
less readily resoibed, and a vascular and metabolic condition m which the oedema 
caused by injury was less, and was more rapidly drained away, than in aninials 
provided with ample vitamin C 

The deteimination of the m clntectui e of the neio bone 

The formation of an abnoimal bony architecture of a regular cliaraclcr makes il 
possible to investigate the conditions of its formation m the hope of throning light 
on the mechanism which brings about the development of such structures Such 
a regular architecture is provided by the radiating trabeculae of the mid-diaphyscal 
tluckenmgs 

We have here two problems (o) that of the factors determining ivlicthcr periosteal 
growth of a bone in thickness shall be by the apposition of new compact bone, as 
normally happens, or by the formation of trabecular bone, as m our thickenings, and 
(b) that of the factors determmmg the orientation of the trabeculae 

In normal groivth in width of the diaphysis, new compact bone is dcjiositcd by 
a periosteal cambium which consists of little, if anything, more than a single layer 
of osteoblasts, with the fibrous layer immediately outside it Similarly, v hen in one 
of the subperiosteal thickenings the groirth of the trabeculae lias brought their ends 
against the fibrous layer of the periosteum, the circumferential bony shell is formed 

(PI 3 fig 14 ), and, evidently, contmued growth of the shell ivould produce a zone 

«ct bent Meed, after return to a d.et oontauung ample auppl.es o aseorbic 
acid^circumferential layers of eompaet bone are formed (see bcloa ) In tl.c form - 
r b!tb the ‘shell’ and of these layers of compact bone, the condition of the 

‘he -- 
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beneath an immediatelj apposed fibrous laj er Thus, the formation of trabecular or 
of compact bone depends on the dimensions of the tissue m m hich the bone is de% elop- 
ing If osteogenetic cells are scattered, as it were m three dimensions, through 
a u idened cambial tissue, trabecular bone is formed, but if the fibrous la> er of the 
penosteum holds them m a single sheet agamst existing bone, thej must endently 
give nse to compact bone 

A second factor affectmg the compact or trabecular nature of the bone m these 
experiments is the nutritional state Tlius, the trabecular neiv bone of the tluckenmgs 
uas made compact vhen the supplies of ascorbic acid ivere increased to 10 mg 
daily, and the compact bone of the diaphysis uas made trabecular by porosis durmg 
the prolonged partial deficiency 

The V alls of long bones are compact because the periosteal deposition of bone here 
occurs m a narroiv cambium held against the old bone, hile endosteal bone, unless 
its formation is limited to apposition against the mner surface of the diaphj seal n all, 
is usually trabecular 

Turning to the problem of the orientation of the radiating trabeculae of the thick- 
enings, one of us (Jlurray & Selbj, 1930, JIurraj, 1936) has earlier discussed the 
formation of similar radiating architectures m other bones (the limb bones of normal 
cluck embrjms, of chick embryo limb bones becommg bent while dex elopmg m chono- 
allantoic grafts, and the bent lunbs of chondrodj strophic cluckens, Landauer, 1927) 
The opinion was expressed that the radial orientation of the trabeculae was m those 
instances to be referred, as Studitski (1934) suggested in some of his experiments 
with chorio allantoic grafts, to tensions set up, by the grow th m width of the epiphj’'ses 
and the cuiwature of the sliafts, betw een the fibrous layer of the penosteum and the 
cartilaginous or bony shaft llTien that discussion w as written, howex er, there was very 
little evidence that such tensions existed at all Sections made from the material of 
Exp 9 (see Table 1, Part 1), in which we studied the development of the new bone 
in animals on partiallj' xntamm-C deficient diets, show ed } oung trabeculae of bone 
radiating from the old diaphjseal wall towards the fibrous layer of the periosteum, 
but ending at \ arious points m the wndened cambium, and then being contmued to 
the fibrous lajrr by strands of collagen fibres (PI 4, fig 22, arrows) about which 
w ere grouped cells w hich w ere shown, by comparison wnth those on the bonj’’ parts of 
the trabeculae, to be osteoblasts The lustological picture left no room for doubt that 
the bony trabeculae w ere growing outwards along the collagen fibres and ow ed their 
radial arrangement to that of the collagen fibres wluch pronded them wath a seaf- 
folding It has been shown by a numbei of workers (e g Weiss, 1928, 1929, 1933, 
Lc\y, 1904) that collagen fibres develop along Imes of tension In our material, the 
oedematous condition of the subperiosteal tissue separated the periosteum from the 
bone and set up between the two just such tensions as Studitski imagines, and along 
these tensions the collagen fibres developed Fmallj, the sections show that it is 
along the radiating collagen fibres that the bonj trabeculae form 

The effect of rcsloiing adequate supplies of vitamin C 

In Exp 7 (see Table 1 of Part 1) the guinea-pigs, after deprn ation of ascorbic acid 
for 10 da^ s, w ere allow ed 0 S mg ascorbic acid daih for 55 daj s, and thereafter w ere 
gnen 10 mg of ascorbic acid, and cabbage, dailj until thex were killed We then 
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investigated the thiekenmgs winch had been first formed in the period of partial 
deficiency Since we had not at the time appreciated the importance of mjm ni 
causmg subperiosteal thickening, no fractures were inflicted, tins vas unfortuiiatc 
because It reduced the number of markedly thickened bones available for studv after 
cure of ^e partial deficiency We obtamed sections of four tibio-fibulac from three 
animals These ah showed thickenings mth the usual radiating architecture, hut 
they differed from those seen in animals which died or were killed during the partial 
deficiency in the much greater thickness of the trabeculae, and correspondiiifr 
reduction of the intertrabecular tissue The originally trabecular thickenings had 
in fact been transformed into compact bone, while retammg clear indication of their 
original architectural character (PI 4, fig 23) This change was brought about b> the 
deposition of additional fibrillar bone on the surfaces of the trabeculae Thus, the 
chief effect of the additional vitamin C on the new bone was to increase its density 
There was, however, another effect which was not seen in animals vhich vcrc 
killed, or died, while still on the partially deficient diet This was the appearance, 
m the consolidated mass of new bone, of a small number of holes (PI 4, fig 21) 
obviously made by resorption and often containing osteoclasts These lioles uerc 
present m all four specimens, and in size and number recalled the early stages in 
scorbutic porosis seen in animals of Evp 9 (see Table 1, Part 1) The amount of 
bone which had been removed must have been negligible, but of course it might 
have become a more important quantity if the animals had been allowed to live 
longer 

When the superficial region of the bone, close beneath the periosteum, u as evammed, 
we found clear evidence that its thickness had been reduced by resorjition from the 
surface (PI 4, fig 25) This was very obvious m one specimen particularly, m 
which the radiating trabeculae were sharply cut off just beneath the periosteum, 
where osteoclasts were present, and the picture was one typical of a resorption 
surface 

In parts of this specimen, and in large areas of the surfaces of others, the abrupt 
and jagged peripheral ends of the partly resorbed trabeculae did not reach the 
surface, but were buried beneath a superficial layer of bone developed as a cir- 
cumferential subpeiiosteal sheet (PI 4, fig 23), such as is deposited on the surfaces 
of bones in normal growth This superfical bone must have been formed after the 
development of the trabecular thickenings, because it overlay a surface from ivlnch 
part of the trabecular bone had obviously been resorbed (like an ‘unconformilv’ m 
Geology) Since nothmg of the sort was ever seen in animals killed ivliile on the 
partially deficient diet, it must have been formed after the enrichment of the diet 

with the full supplement of the vitamin 

Turning to the bone lining the marrow cavity, we expected to find the origma 
diaphyseal cylinder but with the porosis cavities more or less completely filled iv i li 
new bone Instead, we found compact bone showing no convincing si^ that it had 
ever suffered porosis at all, and this bone covered sharply broken off and jagged inner 
ends of the trabeculae (PI 4, fig 23) It is evident that, at some time after 
formation of the trabeculae, resorption from the marrow cavity destroyed both the 
nld bone of the diaphyseal wall (which must have been porotic) and the inner ends 
trabecult Thtmay have Up-ed dunng the part, a. defcoacy. for ha.c 



Bones, Muscles and Vitainin C 219 

other specimens fixed durmg this period m which endosteal resorption had remoi ed 
almost the n hole of the ongmal cylmder, leannga waU composed entirely of radiatmg 
trabeculae (PI 3, fig 13) Of course, resorption from the marrow is a necessarj 
concomitant of normal groivth After this resorption, the new internal compact bone 
was then formed 

Thus, the restoration of normal dietary conditions led to a strengthenmg of the 
bone composmg the shaft by the conversion of trabecular mto compact bone, and 
to a reduction of the abnormal thickenmg of the vaU by resorption from both its 
outer and inner surfaces That such a reduction in thickness of the wall did actuallj 
occur was confirmed by the radiographs It was not reversed by some mcrease m 
thickness caused by the formation of compact bone both mtemaU}’^ and externally, 
and which may reflect a complex remodeUmg of the form of the bone as a whole It 
must be remembered that, so long as an element is groinng in length, the bone at 
any level in the shaft is m process of becommg the bone at another le% el (i e further 
from the growth cartilage which formed it), and that the width of the shaft, the 
thickness of the bony wall, and the width of the marron cavity, are different at 
different levels In particular, the nail becomes thicker and the marrow cant} 
narrower, as the distance from the growth cartilage mcreases, facts which may be 
connected with the formation of the new compact bone, on mner and outer surfaces, 
described above 


SUMMARY 

1 After fracture, or attempted fracture, of the fibula, gumea-pigs on normal diets 
showed formation of new bone on the surfaces of the diaphyses of both tibia and 
fibula of the operated leg 

2 Guinea-pigs nhich nere made partially deficient m ntamm C either before, 
or after, the operation, showed similar but often enormously larger thickenings 

3 In dietetically normal animals the thickenmgs never developed except after 
operation, and m partially deficient animals the thickenmgs occurred more frequently 
when the operation had been performed, but also occurred n hen there had been no 
operation 

4 The porosis of scuriy was seen m the old bone of the ongmal diaphyseal n aU 
but not in the nen bone of the thickenmgs 

5 In both dietetically normal, and partially deficient animals, the nen bone nas 
trabecular m structure, not compact like the old diaphyseal bone The trabeculae 
radiated from the surface of the bone outivards to the fibrous la} er of the periosteum 
Smce their extent nas much greater longitudinally than circumferential!} , they n ere 
really narrow and irregular longitudmal ridges 

G The thickenings developed m a widened periosteal cambium which formed 
w hen the fibrous la} er of the periosteum had been separated from the bone beneath 
it b} the post-operative oedema, b}^ direct mecliamcal action in the operation itself, 
or by muscular action In the partiall} deficient animals, the greater thickness of 
the new bone reflected the easier detachment of the periosteum and its less read} 
re attacluncnt, a greater tendency to superficial resorption of old bone, and the 
greater and more lasting oedema caused by the mjur} , than occurred in animals on 
normal diets 
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7 The thickenings were sometimes well vascularized by vessels hetveen the 
toabeculae but more often were almost avascular Tins condition of the ncv bone 
was associated with, and probably caused by, the avascular state of the hvpcrnlastic 
connective tissue which developed in place of the degenerate musculature (see the 
first paper of this series) The thickenings which developed in dietetically normal 
animals after operation were quickly supplied with vessels, but in the partialli 
vitamin C-deficient animals the new bone, like the new connective tissue, usunlh 
did ,not become vascularized, or only very poorly so A iichly vascular bed is not 
a necessary condition of bone formation 

8 The factors determining the formation of compact or trabeculae bone, and of 
the radiating architecture of the new bone, are discussed When osteoblasts vere 
scattered through a wide cambial tissue, trabecular bone was foimed, but vhen 
a thin layer of osteoblasts was held against the old bone by a closelj'' attached fibrous 
layer, the new bone was compact The radiating architecture of the nci\ bone vas 
determined by a pre-existing radial arrangement of the collagen fibres in the v idcned 


cambium It is argued that the orientation of the collagen fibres was determined by 
tensions, set up by the oedema, between the surface of the old bone and the fibious 
layer of the periosteum 

9 When animals which had been kept for long periods on diets pai tially deficient 
m vitamm C, and which had developed trabecular thickenings, were given ample 
supplies of the vitamm, the addition of new bone to the surfaces of the trabeculae 
converted the trabecular bone into compact bone, while resorption from both periosteal 
and endosteal surfaces of the bone reduced its thickness The reduction m thickness 
by superficial resorption was complicated by the deposition of noM compact cir- 
cumferential bone, whose formation may have been connected with form changes 
normally associated with growth 
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Plate 1 

f Development of subpenosteal thickenmg on lateral waU of tibia after fracture 

of fibula A, day of fracture, B, 19th day, C, 50th day after fracture 

2 Gumea pig at first on normal diet, later on partiaUy vitamin C deficient diet Loft tibia and fibula 

^ operation, normal diet, B, 16th day after operation, 1st day of 

partiaUy deficient diet, C, 28th day after operation, 14th day of partiaUy deficient diet, D, 81st daj 
after operation, 67th day of partiaUy deficient diet Tibial and fibular thickenings, at first slight, 
become greatly enlarged after prolonged partially deficient diet 

3 Normal gumea pig Transverse section of normal tibia Haemato\ylm and eosm x 15 

4 Normal gumea pig Part of longitudinal section of normal tibia Azan x 15 

6 Normal gumea pig Part of longitudmal section of diaphyseal waU of tibia, showing new trabecular 
subpenosteal bone, 16th day after fracture of fibula Haematoxylin and eosin x 41 

6 Normalgmnea pig Partoflongitudmalsectionofdiaphyseahvalloftibia.Srddayaftorfracturoof 
fibula Fibrous layer ofpenosteumhftedfrom bone byhaemorrhage Haomato\yhn and cosin xlO'i 

7 Normal gumea pig Part of longitudmal section of diaphyseal waU of tibia, 4th day after fracture of 
fibula Space beneath fibrous layer of periosteum fiUed by cells Azan x 195 


Plate 2 

8 Normal gumea pig Part of longitudmal section of diaphyseal wall of tibia, 6th day after fracture 
of fibula Formation of new trabecular bone m the widened cambium Haomatoxyhn and eosm 
xl95 

9 PartiaUy vitamm C deficient gumea pig Transverse section of tibia showing great subpenosteal 
thickenmg, and porosis of the old bone Haematioxylm and cosin x 9 5 From Exp 4, groiiji 1, 
81st day of experiment, 67th day of partiaUy deficient diet 

10 PartiaUy vitamm C deficient gumea pig Transverse section of fibula showing subpenosteal 
thickenmg Haematoxylm and eosm x31 From Exp 3, group 3, 101st day of oxpenment, 80th 
day of partiaUy deficient diet 

11 PartiaUy vitamm C deficient gumea pig Transverse section of tibia and fibula, to slion the two 
types of architecture (compact old bone, partly eroded by porosis, and trabecular now bone) separated 
by a darkly stainmg cement line Haematoxyhn and eosm x 17 From Exp 3, group 3, same animal 
as Fig 10 

12 PartiaUy vitamm C deficient gumea pig Part of a tangential section of the tibial wall, passing 
through the new trabeculae, showmg that what appear m transverse sections to bo radial spokes arc 
reaUy narrow ndges Haematoxylm and eosm x48 Korn the same specimen as Fig 9 


Plate 3 

13 PartiaUy vitamm C deficient gumea pig Part of a longitudinal section of the tibia, showing 
he diaphyseal waU composed entirely of new trabecular bone with a paper thin zone of old compact 
lone remammg (bordermg the marrow cavity, below) Haematoxylm and eosm xGo From 
5xp 6, group 4, 85th day after begummg the exponmontal diet, and 62nd day after the operation 
4 C gmne. K P^tt of . ..ol.on of U.o t.bm, •'■""■"S i'”’ 

adiotog Irobccnloe of the thickenmg joined .t the einf.ce by o tbm .licll “■'"'■"'I'""" “ 
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Fjg 16 Partially vitamm C defiaent guinea-pig Part of a tangential section of the tibial Trail, passing 
through new trabeculae, showing granular (dark) and fibrillar (pale) bone Haematoiiylm and eo=in 
X 185 From the same specimen as Fig 9 

Fig 17 Partially Titamm C deficient gumea pig Part of a trabecnla of new bone in a subperiosteal 
thickening, impregnated with silver by 'Wilder s method and stained with haematoxvhn The granular 
bone at the core of the trabecula is almost without fibres while the fibrillar bone covering its surface 
IS densely fibrous x 940 From Eip 3, group 3, the same animal as Fig 10 

Fig 18 Partially vitamm C deficient gumea pig Part of a transverse section of the tibia, showmg the 
fibrous layer lifted from the hone and the space beneath filled by an enlarged cambial tissue Azan. 
X 195 From Exp 9, 6th day after operation, 31st day after begmnmg the experimental diet 

Fig 19 Partially vitamm C deficient gumea pig Transverse section of fibula, showmg evidence of 
superficial resorption of the bone, and a widened cambial tissue Azan x 90 From Exp 9 the 
same animal as Fig 18 

PllATE 4 

Fig 20 Partially vitamm C deficient gumea pig Part of a transverse section of the tihia showmg an 
early stage m the development of bone m the widened cambial tissue, with groups of osteoblasts 
radially arranged Azan x 195 Prom Exp 9, 12th day after operation and 37th day after 
begmnmg expenmental diets 

Fig 21 Partially vitamm C deficient gumea pig Transverse section of tibia Widened cambium and 
developmg trabeculae of new bone, radially onentated Azan x 20 From Exp 9 the same ammal 
as Fig 20 

Fig 22 Partially vitamm C deficient gumea pig Part of a transverse section of the tihia, showmg 
the peripheral part of the widened cambial tissue Below, the ends of new bony trabeculae, these are 
contmued to the fibrous layer of the penosteum by strands of collagen fibres (mdicated bj arrows) 
X 195 From Exp 9, the same animal as Fig 20 

Fig 23 Part of the tibial wall of a gumea pig which, after prolonged partial vitamm C-deficiency, was 
cured with ample vitamm C The section shovrs consoLdation of the subpenosteal thickenmg and 
new internal and penpheral circumferential lamellae Haematoxylm and eosm xl35 From Exp 7, 
group 2, 107th day of experiment, 41st day after return to balanced diet, no operation 

Fig 24 Part of the tibial wall of the other leg of the same animal as Fig 23 Consohdation of the 
thickenmg, new mtemal circumferential lamellae and cavities m the thickening formed by resorption 
Haematoxylm and eosm x 92 

Fig 25 Part of the tibial wall of the same animal as m Figs 23 and 24 Evidence of resorption firom the 
surface of the thickenmg Haematoxj Im and eosm x 200 
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AN UNUSUAL ANOMALY OF M FLEXOR 
UIGITORUM LONGUS 


ByT E BARLOW 

Department of Anatomij, UmvetstUj of Dm ham, Nezocastic upon Tyne 

The anomaly occurred m a male subject/aged 71 years, and .^as bdateral, except for 
s ight differences The condition on the left side is described first The tendon of tlie 
flexor digitorum longus was normal until it reached the foot It then divided at the 
usual point, but into three tendons only Those to the 2nd and 3rd toes were normal 
but the tendon to the 4th toe was a small slip forming not more than a quarter of 
the total numbei of tendinous fibres reachmg that digit, the remainder of the fibres 
passing to the 4th toe, as well as those to the 5th toe, being derived fiom an anomalous 
flexor accessorius 

Flexor digitorum accessorius (quadratus plantae) was composed of tlirec parts, 
the most superficial of which was a small muscle arising by two heads, a tendinous 
one from the medial tubercle of the calcaneum just medial to the long plantar 
ligament and a muscular one from the sheath of flexor hallucis longus and flexor 
digitorum longus It joined the lateral side of a long tendon inserted into the terminal 
phalanx of the little toe and contributed also to the tendon of the 4th toe 
The intermediate part of the muscle was the main source of the tendons to the 
4th and 5th toes it was a triangular sheet arising by fleshy fibres from the undci 
surface of the calcaneum behind the sustentaculum tali as far back as the medial 
tubercle Its tendon of insertion split to go to both the 4th and 5th toes, that to the 
5th bemg jomed by the fleshy fibres, already mentioned, from the superficial part of 
the muscle 


The deep part of the muscle arose from the underside of the calcaneum in front of 
and lateral to the sustentaculum tali and was inserted in the normal manner of the 
flexor accessorius mto the tendon of flexor digitorum longus The 4th lumbrical 
arose from the tendons to the 4th and 5th toes 


In the right foot the same condition was found except that the tendon to the 4th 
toe was derived equally from flexor digitorum longus and accessorius 

The mterest of this case lies m the support it gives to the phylogenetic history of 
the flexor muscles of the toes as mterpreted by Wood Jones (1944, pp 210-225) 


The underlying factor in this phylogeny is the necessity for the digital flexors to 
remain contracted, while the extensors also contract, in order to enable the toes of 
the supportmg and propellmg foot to push against the ground at the moment of 
take off in walking While the flexed toes are puslung against the ground the digital 
extensors have to act from them to pull the leg forwards over the ankle joint 
The necessary concomitant of extensor contraction is relaxation of the bcll> ol ic 
long flexor, but at the same time the toes must remain flexed against the grounc 
This conflict of interests has been solved by turnmg the superficial flexor into an 
mtrmsic muscle of the foot by d.yorcmg .t from its belly m the leg 
transferrmg the work of the deep flew m this coimeMon to the flow 
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SUMMARY 

An interesting anomaly of flexor digitorum longus is described and a reason for its 
presenee adduced A furthei reason is given for supposing that flexor aceessorius 
(quadratus plantae) does not perform the functions usually ascribed to it 
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ALKALINE PHOSPHATASE ACTIYITY IN NOEJ\IAL 
AND DEGENERATED PERIPHERAL NERVES 
OF THE RABBIT 

By JUNE I\IAB.CHANT, Department of Embryology, UmvetsHy College, London* 

INTRODUCTION 

The process of ners-^e degeneration has many features m common with the healing of 
skin wounds , both involve cell proliferation and migration and the laying dov n of 
collagen fibres Fell Danielli (1943) using the histochemical technique of Gomori 
(1939) and Takamatsu (1939), demonstrated alkaline phosphatase activity in healing 
skin wounds and burns of rats greatly m excess of that found in normal skin The 
increased amount of enzyme was situated on invading polymorphs, cell nuclei and 
newly formed collagen fibres They suggested that the enzyme associated v ith the 
collagen fibres might take part m the ‘ metabolic processes more intimately concerned 
in the laying doivn of coUagen’, and further support vas given to this hjqiothesis by 
their more recent work (Danielli, Fell «fc Kodicek, 1945), vhich showed that the poor 
differentiation of collagen fibres in healing skin wounds of scorbutic guinea-pigs w as 
associated with an absence of histochemically demonstrable phosphatase 

Degenerating peripheral nerve provides useful material for testing further this 
hypothesis of Fell &. Danielli Degenerative processes take place almost uniformly 
throughout the peripheral stump of such a nerve, ivhich forms a large and clearly 
defined mass of uniform material for investigation A considerable amount of 
collagen is formed during degeneration and the time-course of its formation is better 
knoivn than in skin, for it has been studied quantitatively by Abercrombie & Johnson 
(1946a) They found, by chemical methods, that the amount of collagen m the 
degenerating rabbit sciatic nerve increased throughout a period of at least 200 days 
after the nerve w as severed Furthermore, collagen formation m this tissue is largely 
dissociated from cell-proliferation, which ceases after 25 days of degeneration 
(Abercrombie &, Johnson, 194C6), whereas m skin, so far as present information 
goes, the two processes largely overlap m time and consequently may confuse 
interpretation of the associated phosphatase activity Another convenient feature 
of degenerating nerve lies in the fact that, except in the very localized region of 
actual trauma, there is no invasion of the tissue by poljmiorphs, which might 
complicate the issue since they are very rich m phosphatase 

If Fell (k. Danielli are correct in their hjqiothesis that alkaline phosphatase is 
concerned m the laying dowm of new collagen, we may expect to find this enzjme 
present in degenerating peripheral ner^e tliroughout the prolonged period in which, 
according to Abercrombie <k Johnson, collagen formation occurs 

Studies of alkaline phosphatase in degenerated peripheral nerve do not appear to 
ha^e been undertaken hitherto Landow, Kabat <k Newman (1942) were unable to 
demonstrate histochemicallv the presence of this enzjTne m the undegencrated sciatic 
ner\ es of cat, mouse and man exept in the vascular endothelium , m the chicken the 
* Xo\^ ^\lth the Bioph^'Jics Re‘«carcb Unit King s College London 
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material and method 

The material used for this work was obtained from adult rabbits Sc^ eral kinds of 
undegenerated nerves were studied, namely the sciatic (peroneal and tibial cln is.ons) 
anterior mesenteric, greater splanchnic and vagus nerves Degenerated material v as 
provided by the peripheral stump of the severed sciatic nerve The nerve had pic- 
viously been cut high up in the thigh under nembutal and ether anaesthesia and the 
peripheral stump allowed to degenerate foi a period of time varying from 2 to 
100 days, the rabbit being then killed by air embolism To prevent re-innervation of 
the peripheral stump during the longer periods of degeneration (from 50 daj s onv ards) 
the central stump of the nerve was sutured to the undersurface of the skin In 
experiments involving degeneration for 25 days, or less, re-innervation v as prevented 
by removing about 1 cm of the nerve Both sciatic nerves of each rabbit ivere iisualh 
severed, but on different occasions, so that at autopsy each animal provided nen cs 
of two different periods of degeneration In some cases pieces of undcgeneratcd ner^ c 
removed at the operation were used for comparison with degenerated nerve fiom the 
same rabbit taken at autopsy 

Pieces of nerve 0 5-1 0 cm long were fixed in 80 or 95 % alcohol, fixation m 
80% for about 20 lir giving tissue of the best cutting quality Some of these 
pieces were then taken down to water, and fiozen sections wcie cut from them, 
other pieces were dehydrated, cleared m benzene, embedded m paraffin at 56“ C , 
and longitudinal and transverse sections of each piece were then cut at a thickness 
of 7/1 Sections were treated by Danielh’s (1946) modification of Gomori’s technique, 
being incubated foi 18-22 hr at 87° C and pH 9 3 with sodium glycerophosphate in 
the presence of calcium ions and activating magnesium ions By this method a pre- 
cipitate of calcium phosphate is formed in the vicinity of the enzyme, and this is 
rendered visible by conversion to black cobaltous sulphide 

A few experiments were made to ensure the validity of the technique in its applica- 
tion to the material used in this investigation From each of four undcgcncrated 
sciatic nerves one slide was given the full Gomon technique, a second received no 
activating magnesium ions in the incubating mixture, and a third received no glyc cro- 
phosphate, a fourth slide was incubated in the normal mixture with the addition of 
0 1 % potassium cyanide (known to inhibit alkaline phosphatase, Massart A Diifail, 
1942), and a fifth slide was heated to 90° C in water for 15 min , prior to normal 
treatment, in order to destroy the enzyme (Damelli, 194G) The sections on the fust 
slide showed some blackening, those on the second showed less, and the remainder 
showed none Similar experiments carried out on the other undegenerated ne^^ cs 
used in this study gave identical results It is concluded that in periphera ncr\ e I ic 
technique reveals the activity of alkaline phosphatase as it has been shonn to do in 

tatolTecbons of nerve, om.ttmg glycerophosphate from the ^ 

incubated as a routme .n order to reveal any phosphate already presen Sec 
kidney (known to be rich m phosphatase) were prepared ' 

LrveLn order to ensure that the teelin.que was working satisfactonly A further 
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check as pro\ ided by polymorphs m the blood vessels of the ner\ e, v hich appear 
intensely blaek after the phosphatase technique has been applied to them Ovly 
sections m v hich polymorphs were intensely stained v ill be considered 

The loeation of phosphatase m relation to collagen was investigated by comparison 
of sections stained for the enzyme v ith sections fixed in 4 % formol-saline and stained 
by Gomori’s (1937) silver-impregnation method for coUagen and reticuhn For 
general histological comparison, sections fixed m Susa’s fixative and treated vnth 
Masson’s light-green method were used For revealing axons m imdegenerated and 
short-term degenerated nerves, Bodian’s (1936) silver method v as used 

RESULTS 

Controls 

Control sections of undegenerated nerves, and sections of nerves degenerated for all 
the periods of time employed in this v ork, did not in any case shov any blackening 
when the Gomori technique v ith the omission of glycerophosphate v as applied to 
them Pre existing phosphate v as therefore negligible 

Undegenerated peroneal and hbial nerves 

The greater part of the undegenerated nerve shov ed little positive reaction, but 
a number of sporadically distributed intense black ‘streaks’ ivere often visible m 
longitudinal paraffin sections (PI 1, fig 1) WTien the number of ‘ streaks ’ in a section 
vas large and their intensity of staining great, other structures in the nerve were 
often stained, particularly the precipitated myelin framevork and the axons of 
myelinated fibres, and the intensity of staining of these structures was generally 
greater in regions in close proximity to the ‘streaks’ In transverse sections (PI 1 
fig 2) the ‘streaks’ were apparently situated in interstices between the mjelinated 
fibres 

The above description is based on eleven sciatic nerves Considerable variation 
occurred, honever, in the amount of blackening m these nerves In some the 
‘streaks’ vere numerous, but in two neix'es none was visible, though polymorphs in 
blood vessels w ere stained 

Other imdegenerated nerves 

The distribution of alkaline phosphatase activity in several other undegenerated 
nen es, differing in their distributions of fibre sizes, w as investigated m an attempt 
to analyse further the curious distribution m the peroneal and tibial nerves 

Vagus, depressor branch This nerve contains, like the peroneal nerve, a large 
number of heavily mj elinated fibres Like the latter, its alkaline phosphatase w as 
distributed mainl j in several ‘ streaks ’, with a few nuclei and some m^ elm framew ork 
also stained (Three nerves ) 

Greater splanchnic nerve Slost of the fibres of this nerve are finely myelinated, 
w ith a very small number of heas ily mj elinated fibres among them There w ere 
a few ‘ streaks ’ of intense alkaline phosphatase activity, lesser actn ity m nuclei and 
axons of all myelinated fibres, and slight activity in mjelm framework (Tliree 
nerves ) 

Anterior mesentei ic nerve This unmvelinated nen e was usually obtained w ith its 
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A ' 1 j 1 j fig 3) In some of these nerves tlie intensity of stainnicr 

imimshed with increasing distance from the ganglion The ganglion cells shoiied 

Vagm gmitK branch The whole of this unmyelinated nerve showed a fiurlv 
intense phosphatase activity associated with alt the nuclei, and with fine fibics asm 
the anterior mesenteric nerves There was no localization in ‘ streaks ’ (Three iicn es ) 


Degenei ated sciatic nerve 


The most proximal piece of the peripheral stump, comprising 2 or 3 nini of nen e, 
was affected by the trauma of operation, and is considered, together with any scar 
tissue which attached the end of the nerve to the adjacent muscle, as the ‘ traumatized ' 
region Other pieces are referred to as the ‘peripheral ’ region 

Two days of degeneration, pei ipheial legion The alkaline phosphatase reaction i\as 
similar to that of the undegenerated nerve Some frozen sections showed the ‘ streaks ’ 
particularly clearly Each ‘streak’ was fibrous, and contained blackened nuclei 
(PI 2, fig 5) Some could be traced for 1 mm or more (PI 2, fig 6) (Four nerves ) 
Traumatized legion This was like the peripheral legion, but myelin icinains and 
axons were stained rather more at the traumatized end of the nerve, which uas 
surrounded by many intensely staining polymorphs These had not invaded the 
ner\’’e (PI 2, fig 6) (Fom nerves ) 

Five days of degenei ation, pei ipheial legion Theie had been little change since 
2 days except that more nuclei showed a phosphatase reaction, and the surrounding 
cytoplasm sometimes shoAved a slight reaction also (Three nerves ) 

Ti aumatized legion The cut end of the peiipheral stump of the neivc was non 
securely bound to the adjacent muscle by connective tissue In silver-impregnated 
sections this was seen to consist of a tangle of fibres of all sizes ivhich appeared to lie 
in a matrix Some ivere ivavy purple ribbons, others ivere tangles of fine black 
threads, but most were very fine tlireads Avhich were not intensely argyrojihil ^^1lcn 


uas 


the alkaline phosphatase technique was applied to this connective tissue there 

no blackening of any fibres Polymorphs had usually completely disappeared Just 
beyond the cut ends of about half the nerves of this group a feA\ nuclei m the con- 
nective tissue Avere intensely stained for phosphatase (Eight nerves ) 

Ten days of degenei ation, pei ipherahegion A positiA’-e phosphatase reaction occurred 
in the great majority of nuclei of all kinds of cells, in certain fine longitudinally 
running fibrils (believed to be mainly ScliAA’ann cytoplasm) and in mjehn debris 
In some nerves the distribution of phosphatase m longitudinal sections ivas streaky 

(PI 2, fig 8) as at earlier stages, though the intensity of staining of the streaks and 

their contrast with the rest of the nerve was not iisimiy so The strea s 

consisted of groups of amaU Schwann tubes (devoid of 

numerous fibrils and nuclei were particularly Strongly Stained (P , g 

rxf fTi/a tliCTd "werd no ^ streaks^ (Seven nerves ) , « , 

tLZIZTeZ The amount of connective tissue binding the end of tliepno 
to“le ti increased, and in silver-impregnated sections many more collagen 
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fibres than at 5 daj s ■« ere ^ isible, orientated rather more in a direetion parallel ■mth 
the ner'v e than otheriMse Blood \essels were easil\ distinguishable bs their black 
reticular coats There i\ as no positu e phosphatase reaction in the binding connectii e 
tissue except in the nuclei of blood-\ essel w alls and of pohmorphs, and in some 
nen es, in a few nuclei just be\ ond the cut ends of the ners e fibres The connective 
tissue fibres w ere corapleteh negatne (PI 2, fig 8 and PI 3, fig 9) (Sei en nerves ) 
Fifteen days of degeneration, peripheral region Some streakiness of staining was 
still occasionallv discernible Almost all the Schwann, endoneunal and blood-i essel 
nuclei w ere strongly stained in most nerves (PI 3, fig 10), and nuclei of permeurial 
cells w ere sometimes shghtlj’’ stained In some cells the cj toplasm of endoneunal 
cells could be seen to be feebU positn e In contrast to the 10-dav nen es, stained 
myelin debris w as almost entuely absent (PI 3, fig 10) The blackened fibnls, present 
in the 10 daa nen es, w ere more numerous, at any rate in the larger tubes, and often 
thicker In transserse sections they appeared as nngs of small dots against the 
inside of the neurilemma (i e the membrane lining the Schwann tube) and projecting 
into the lumen of the tube or sometimes apparently embedded in the substance of the 
neurilemma (PI 3, fig 11) In longitudinal section some of the fibnls could be seen 
to end III perinuclear cytoplasm, identifyung them as parts of Schwann cells (PI 3, 
fig 10) In longitudinal sections stained wnth siher or Hasson’s light green there 
w ere rather more longitudinally orientated fibres present than at 10 day s of degenera- 
tion, suggesting that new collagen had started to form (Se^ en nen es ) 

Traumatized region Silver impregnation show ed the connects e tissue binding the 
end of the peripheral stump to the muscle to be deeply packed with thick, wa%'y 
parallel ribbons of collagen, all more or less orientated in the same direction as the 
nen c This tissue show ed little change m phosphatase reaction from the same region 
after 10 days of degeneration, though rather more nuclei of cells were stained, and 
their cy toplasm also show ed a slight reaction (Six nerves ) 

Txcenty-five days of degeneration, peripheral region Signs of collagen formation m 
the form of an increased number of fine fibrils in the Schwann tube walls were quite 
obi lous in sil\ er-impregnated sections Tlie phosphatase reaction was little changed 
since 15 day's of degeneration, except that the phosphatase-positi% e fibnls were 
thicker and more numerous (Eight nen es ) 

Tiaiiniatized region This was similar to the 15-day traumatized region (Se\en 
nen'es ) 

Fifty days of degenci ation, jjerqdieral region There had been a great increase in the 
number of longitudinally' running collagen fibres seen in the walls of the Schwann 
tubes m sih er-inipregnated sections In sections stained for phosphatase, nuclei 
were still intcnsch stained and there had been a further increase in thickness of the 
hi ickcned fibrils seen m longitudinal and transi erse section (Nine nen es ) 

Traumatized region In silver-impregnated sections it w as impossible to distinguish 
the original site of the cut, for the Schwann tubes were aery collagenized and were 
continuous w itli the collagen in the connectia e tissue binding the stump of the nen e 
to the muscle Near the cut end of the none partitions of phosphatase-positiae 
material could be seen wathin some of the Schwann tubes Strands of cells inth 
nuclei and ci tojilasm stained for phosphatase were found amongst the binding con- 
necti\ e tissue, haanng probably migrated out from the cut end of the nen e, and some 
Anatomy 83 .g 
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of these strands appealed to have invaded the cpineurmin prcsuniabh b^ tunnn.r 
nerves r described by Masson (1032) (Eiglh 

of ttle Sehf I t More exteiisn e collagen./at.on 

secr,!^. t T T 7^' silvei-inipregnated sections In longitnchnal 

sections stained for phosphatase nuclei weie strongly positne, and very nnnic.m.s 

b ils were stained, some thickei ones intensely (PI 3 , fig 12 ) In tiansvcise sections 
most of the staining other than that m nuclei was in the form of laige lumps (fibrils 
seen end-wise) clearly situated within the lumiiia of the Schvaiin tubes The main 
mass of new collagen, exteinal to the neurilemma, was little stained (PI 4 ficr 13 ) 
(Tliiee nerves ) ’ 

Ti aumatized legion In silver-impregnated sections no change other than more 
extensive collagenization was visible Sections stained foi phosphatase shoved 
a very intense reaction m the strands of Schwann cells, which had Avanderccl out 
from the cut ends of the Schwann tubes, and all surrounding tissue took up the stain 
to a ceitain extent (PI 4, figs 14, 15) (Four nerves ) 


Tissue cultuies of degeneiaied sciatic neive 
It was consideied that tissue culture studies of degenerated sciatic ncuc nnglit 
help m elucidating the nature of the phosphatase-positive fibres seen in sections 
Accoidingly, pieces of degenerated nerve -were removed for culture nndci sterile 
conditions at autopsy Cultures of the peroneal branch of 15 and 25 days-dcgcnciatcd 
sciatic neives m hanging drops of fowl plasma and embryo extiact sliovcd good 
outwandeimg of Schwann cells, fibi oblasts and macrophages It was found thal, if 
the clots were made as thin as possible and the cultures waslied for half an honi in 
saline at 37 ° C prior to fixation m alcohol, the Gomori alkaline phosphatase tcchnupie 
could be successfully applied without the cells being obscured by blackening of the 
clot The explant appeared intensely black, and all types of cells that had v.uulcicd 
out were stained, nuclei fairly intensely, cytoplasm less so The Schwann cell cyto 
plasm appeared extremely fibrous, and it was possible to trace these phosphat.isc- 
positive fibrils into the explant and show that they were continuous With the plios- 
phatase-positive fibrils of the nerve, thus indicating that the lattci were cy topKism of 
Schwann cells Controls incubated without glycerophosphate were unstained 


DISCUSSION 

Reliability of the histocheimcal technique 

This has been leviewed by Danielli ( 1946 ) and Lison ( 1948 ) Tlio spcciricily al Un 
reaction appears to be good provided adequate controls are done for comparno., 
A positive reaction reveals the presence of the enzyme, lint a negative rcs.i t docs nol 
ncLsarily indicate its entire absence, since part of the enp-nic activity iii.iy lie 
destroyed tang the processes of fixation, embedding, etc Dillusioii of iiilermediarj 
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the exact sites i\here it occurred under phj siological conditions Certain of my 
observations seem to support the view that diffusion, presumablj of the enrjTne 
itself, occurs In the undegenerated sciatic nen e, nuclei and the myelin framew ork 
may be stained b^ the Gomon technique to an extent depending on the number and 
proximit}- of the intensely stained ‘streaks’ In the 2-dav degenerated nem e, these 
structures are more intensely stained toward the cut end of the ner%e which bears 
a cap of intensely staining polj morplis In the 100-day degenerated traumatized 
region, where the strands of Schwann cytoplasm that had wandered out sometimes 
show a very intense reaction, the surrounding connective tissue nuclei take up the 
stain to a certain extent, whereas, m sections of nen^es where Schwann cj toplasm is 
not so intensely stained, connective tissue nuclei remain unstained These and other 
observations suggest that, w hen a certain histological element is rich in phosphatase, 
some diflusion may occur, probably of the enzyme during fixation The possibility of 
diffusion requires that no reliance should be placed on the finer points of localization, 
such as, for instance, the fact that all tubal and endoneurial nuclei, w hate\ er their 
cell type, become phosphatase positive during degeneration The existence of signi- 
ficant changes in distribution and activity of phosphatase during degeneration of the 
sciatic nerve is not called in question 

Alhahne phosphatase in undegeneraied neives 
In the undegenerated sciatic ncr\ es, except for tw’o w Inch w ere almost completely 
negative, phosphatase activity was chiefly localized m ‘ streaks’ These did not appear 
to m^olvc the large fibres but to he between them (PI 1, fig 2) It was, howe^er, 
difficult to decide from the undegenerated material w hat structures w ere stained in 
the ‘streaks’ Very similai ‘streaks’ occurred during the early stages of degeneration 
(m some nerves up to 15 days), and here it seemed probable that thej' lay in the 
Schwann tubes formerly occupied by groups of small, perhaps unmyelinated, fibres 
The hypothesis that the ‘streaks’ in undegenerated nerve represented groups of 
unmvelmated fibres and their associated Schwann cells cut somewhat obliquely led 
to the testing of other nerves Those consisting mainly of unmyelinated fibres (gastric 
branch of the vagus, anterior mesenteric nerve) proved to be phosphatase-positive 
throughout However, it must be admitted that this eiidence is inconclusn e since 
the fine details of the staining of these unmj elmated neri es w ere unlike the ‘ streaks ’ 
of the undegenerated sciatic, the uiimj elmated nerves show mg staining of numerous 
fine fibrils which were rarelj distinguishable in the ‘streaks’ An alternate c hypo- 
thesis IS, of course, that the ‘streaks’ are an artefact, due to diffusion and periodic 
precipitation of the enzyme during fixation, and peculiar to undegenerated neia es 
w ith large nen e fibres On the basis of my data, how es er, no certain interpretation 
of the ‘strciks’ seems possible 

llhahnc phosphatase in the degenerated sciatic nenc 
Between 5 and 10 days of degeneration the ‘streaks’ in the sciatic nerse disap- 
peared, and from this time onwards phosphatase actn its was uniform and increased 
progrcssis cly m amount, being chiefly associated with nuclei and with numerous 
fibrils There is no doubt that mans of these fibrils probably all the intensely stained 
ones, consist of Schwann cell cy toplasm This follows from their position within the 
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lumina of the Schwann tubes, which is especially evident after 5o or too dus of 
dcg^ieration It is supported by the fact that in longitudinal section soI!il hbid! 
could be traced up to the perinuclear cytoplasm of Sdmann cells a„d by the tissue 
culture results Remains of fine axons, although peisistmg up to to, 15 and oct i- 
sionally 25 days of degeneration, judging from Bodian preparations, can obvioiish he 
dismissed as a basis for the phosphatase-positive fibrils m the nerves tint ln\e 
degenerated longer A certain number of the fibrils, especially those appaieiitU 
embedded in the substance of the tube wall, and the numerous r^eii^ line, veakh 
positive fibrils of the long degenerated ner^^es, may well be connective tissue fibres 

Besides the predominant staining of all nuclei and of Sclmaim cytoplasm in the 
degenerated sciatic nerves, endoneurial cytoplasm is also often stained In ^ icw ol 
the possibility of diffusion of the enzyme, it may be that phosphatase icaction m 
some cells does not signify the original distribution of the eiizimre But it is nc^ ci- 
theless clear that during Wallerian degeneration there is a real onset, and subscquonl 
intensification, of widespread phosphatase activity in cells which befoie dcgcnci ation 
contained no demonstrable phosphatase (except in the *stieaks’) Tins activity is not 
associated with the wave of mitosis which occurs between 4 and 25 days of degenera- 
tion and which results in the steep rise of cell population during th.it time (Abci- 
ci ombre & Johnson, 194G5), nor with the destruction of nerve fibres which occnis 
during the same period 

Fell «fc Danielli (1943) tentatively suggested th.at alk.aliiie phosphatase locah/ed on 
newly formed collagen fibres, played a part m the collagen formation oi rat and 
gumea-pig skin scars Later observations have shown that an incicasc in Iiislo- 
cheniically demonstrable alkaline phosphatase activit)'^ coninionly seems to succeed 
trauma to a tissue, for instance in skin (Fisher & Click, 1947), bone (Bouinc, 101b), 
and liver (Mellors & Sugiura, 1948, Sherlock & Walshe, 1947, Snlkm ib Gaidnci, 
1948), and collagen formation also commonly succeeds trauma But can the hypo- 
thesis of Fell &Damelli be generalized in the light of tliepiesentresultsondcgciici.ifcd 
nerves’ In the peripheral stump of degenerated rabbit nerves the period of time 
during which a widespiead cellular alkaline phosphatase reaction occurred certainly 
coincided with the peculiarly long-drawn-out phase of collagen formation found b} 
Abercrombie & Johnson (1946o), and the onset of tins phosphat.ase reaction coinciilcd 
with the earliest appearance of new collagen according to my silver picpaiation (at 
about 10 days of degeneration) This temporal relation is, however, the only evidence 
I found in my material suggesting that alkaline phosphatase m.ay take ji.art in the 
process of collagen formation, and by itself it is inconclusive The reaction v.is not 
particularly localized on new collagen fibres, so that rabbit nerve differs m this from 
the rat and guinea-pig skin studied by Fell & Daniclli Furthcimoie, m the scat 
lecnon of severed rabbit nerve there was no demonstrable locahz.ition of the cii/>mc 
on newly formed collagen fibres In the scat region indeed the pliosphatasc rcaclmn, 
apart frL the initial polymorph reaction, was not conspicuous anyvhcrc during tlu 
S ages after the opLt.on, although collagen hbres apparently onnert < r ,g 
oerrod. and noth very much the same time relations as after skm n,j ,r, . 

descnhedhyHnnt,l.«) 
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histoehemically demonstrable alkaline phosphatase and collagen formation differs m 
different tissues, and a generalization of Fell & Danielli’s hj"pothesis of a causal 
relation betiieen the two cannot therefore be supported by the available evidence 

SUMMARY 

1 Gomori’s histochemical technique for localizing alkaline phosphatase actn itj 
has been applied to various undegenerated nerves, and also to the degenerating 
peripheral stump of the sciatic nerve of rabbits 

2 Undegenerated nen'^es containing many mjelmated fibres (sciatic, greater 
splanchnic and lagus dejiressor) showed phosphatase activity m sporadically 
distributed ‘streaks’, whose nature is discussed 

3 Undegenerated nerves containing mainly non-myelinated fibres (anterior 
mesenteric and vagus gastric) showed a widespread reaction m nuclei and in fine 
fibrils of uncertain nature 

4 In the degenerating peripheral stump ot the cut sciatic ner\ e the ‘ streaks’ had 
practically’’ disappeared at the end of 10 day’s of degeneration, after w Inch a reaction 
began to dev elop in nuclei of all kinds of cells and also in fibrils which mainly lined 
the Schwann tubes Inv’estigation of these fibrils by various methods, including 
tissue culture, indicated that most of them were cy toplasm of Schwann cells Thev 
increased m size up to 100 days of degeneration at least, forming a thick, irregular 
lining to the neurilemma w itli intense phosphatase activity’ The w idespread enzy’me 
actn ity’ in nuclei and cytoplasm coincides m time w ith the formation of collagen 

5 The scar tissue at the cut end of the nerv’e, w hich show ed rapid formation of 
collagen comparable to that seen in healing skin wounds, revealed no significant 
alkaline phosphatase activity’ until after collagen had been evtensiv’ely formed, the 
phosphatase was then associated with strands of Schwann cells that had wandered 
out from the end of the nerve 

I should like to express my' thanks to Mr M Abercrombie and Dr M L Johnson 
for suggesting this work and for their constant advice and encouragement during its 
progress I im deeply grateful to Prof G R de Beer for his supervision, and to 
Prof J Z Young for helpful criticism of the work I am also indebted to Mr F J 
Pittock for taking the photographs The work was done while holding a research 
studentship from the Jledical Research Council 
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EXPLANATION OF PLATES 


With the exception of PI 2, fig 6 and 6, which were frozen sections, the matennl 11 ns fixed in alcohol 
embedded m paraffin and cut at a thickness of 7/< Sections were then treated uith Gonion’s histocliomicnl 
teohmque for demonstration of allcahne phosphatase Linear magnification is gi\ on in brackets 
Abbreviations m, inyelm debris, n, nerve stump, 5 , scar tissue, S c , Schuann coll cytoplasm 


Plate 1 

Fig 1 Longitudinal section of undegenerated sciatic nerve (peroneal division) shouing 'streaks’ Axons 

of large nerve fibres are also somewhat stained ( x 105 ) 

Fig 2 Transverse section of undegenerated sciatic ner\c, shoxiing ‘streaks’ cut across in intcrsticis 
betxveen large nerve fibres ( x 615 ) 

Fig 3 Longitudmal section of an undegenerated anterior incscntenc nerve, consisting mainlj of tin 
myehnated fibres Nuclei are stained, and also some fine fibrils uhicli may be axons ( x 080 ) 

Fig 4 Section through an undegenerated anterior mesenteric ganglion The ganglion cells shou almost 
unstamed cytoplasm, but the nuclei are darker with intensely stained niiclcoli Niiclu and fibres 
surrounding the ganglion cells are very intensely stained ( x 645 ) 


Plate 2 

Fig 6 Part of a frozen longitudinal section of a 2 day degenerated sciatic nen e in the peripheral region 

showmg' streaks’ Nuclei m this neighbourhood are somewhat stained Axons and nij elm framtiiork 

of myehnated fibres are shghtly stained (x330) 1 1 ,,„,,pI, 

Fig 6 Frozenlongitiidmalsection through the traumatized region of a 2 daj degenera ed ,«ron(aI brai.cii 
of the sciatic nerve A cap of mtensely stainmg polymorphs (p) hes oxer the 
Fig 7 Longitudmal section of a 10 day degenerated sciatic nerve, pcriphora region 
^ more widespread than previously, and fibrous strands behexed to bo Schiiann ^ 

stained Myehn debris (m) is still stained, but has become somexihat disorganized Axons arc 

though collagen is rapidly being formed at this time ( x 30 ) 
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Plate 3 

Fig 9 Longitudinal section of scar tissue at the cut end of a 10 day degenerated sciatic ner\c Two 
leucocytes in a capUlaiy are strongly stained Otherwise the tissue is almost negatn e ( y 405 ) 

Fig 10 Longitudinal section of a 16 day degenerated sciatic nerve Nuclei and fine longitudinal fibrils 
(probably mainly Schwann cell cytoplasm, sc) stained Myclm debns no longer stamed ( x 455 ) 

Fig 11 Transv erso section of same nerve as in Fig 10 Black dots on Schwann tube walls are probably 
Schwann cells ( x 675 ) 

Fig 12 Longitiidmal section of a 100 day degenerated sciatic nerve Fibrillar staimng more strongly 
marked ( x 445 ) 

Plate 4 

Fig 13 Transverse section of same nerve as in PI 3 fig 12 Black lumps within Schwann tube walls arc 
probably Schwann cells Endoneunal cells are also stamed (y425) 

Fig 14 Longitudinal section through traumatized region of a 100 day degenerated sciatic nerv e There 
IS intense staimng of the Schwann cytoplasm, and the strands of Schwann cells («), which haao 
wandered out from the cut end of the nerv e (ii) can be distinguished from the surrounding connective 
tissue ( X 18 ) 

Fig 15 High magnification of soar tissue of the section shown m fig 14 There is intense phosphatase 
activity m the strands of Schwann cells, but surrounding connectn e tissue IS scarcely stamed ( y 290 ) 
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OBSEEVATIONS ON THE EESIALE BEPEODUCTIVE 
OEGANS OE THE CA’AING WHALE aWBIOOEPHALA 

MELAENA TRAILL 


By R J HARRISON 

Anatomy DepaUment, Channg Cwss Hospital Medical School 
INTRODUCTION 

Tlie anatomy of the leproductive organs of tlie Mystacoceti lias been dcscnbed in 
detail by Mackintosh & Wheeler (1929), Ommanney (1932), and the literature has 
been reviewed by Mackintosh (1946) The cyclic changes occuiring in the uteiinc 
mucosa of Balaenopterid whales have been the subject of a recent papei by Mattlicws 
(1948) His observations constitute the only detailed report, other than a brief 
refeience by Mackintosh & Wheeler (1929), on the histology of the changes m the 
lepioductive tract Desciiptions of the reproductive oigans in the Delphimdac aic, 
moi eovei, few in number, inconsistent, and give no refeience to the histology of the 
ovaiies or mucosa Turner (1867) and Murie (1874) give a biief account of the 
immatuie vagina and uterus in Glohiocepliala Meek (1918) desciibes the macro- 
scopic apjieaiances of the genital tract of Phocaena communis, now P phocnena 
(four specimens}, but there is little account of the ovary The gioss apiicaranccs of 
the genital oigans of an immature Delphinm dclplns are desciibed by Pycraft (1932) 
and Khvatov (1938), quoted by Asdell (1946), who states that the corpora hitea are 
still present and show no sign of involution at the time of parturition Comno A Adam 
(1938) give an account of the female reproductive system of Pscudoica ciassidcns 
They also describe the ovaiies from fifteen females, giving particular attention to the 
corpora lutea, but makmg no histological observations 

The following obseivations on the female reproductive oigans of Glohioccphala 
are therefore piesented to add to the scanty knowledge of a little described species 
The histological appearances of the ovary, the corpus luteum and the mucosa of tlic 
uterus have not previously been described Unfortunately, insuiricicnt in.itciial 
does not peimit of moie than a partial comparison with the changes described liy 
Matthews (1948) in Balaenopterid whales 


MATERIALS AND METHODS 

The material to be described was obtained from a school of some 300 wliales killed 
at Torshavn, m the Faroe Islands, in ]\Iarcli 1947 Due to the kindness of Dr Carl 
Bech of Toishavn a representative selection of ovaries and genital tracts vas 
removed from the females, and was at once fixed in 12 % formalin 

The lengths otthe majority of the whales from winch the ovar.es were taken arc 
not hnotvn However, Dr Bech states, m a personal communication, that the 
„ qi ft leniith tliat immature specimens are of the order of 

otaned C»2ts o, the mfra-umhilieal part of one « eni foetus aith the repro. 
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ductive system intact, tlie genital tracts of tn el\ e females, mostly immature, and 
the o% aries of thirtj -eight females The size of the ovaries and three mean diameters 
of the corpora lutea and corpora albicantia are gi% en in Table 1 

Representative portions ivere taken from the ovaries and, after sectioning were 
variously stained vath Harris’s haematoxyhn and eosm or % an Gieson’s stain, vatli 
Mallory’s triple stain and bj’’ the methods described by Rossman (1042) for luteolipin 
Portions of the uterine tube, uterine horns, fused horns, uterus and %agina vere 
also sectioned and stained It was found that immersion, prior to embedding, in 
4 % aqueous solution of jihenol, v ith the addition of a little glycerine, facilitated 
the sectioning of the hard fibrous tissue uithout distorting the appearances 


THE REPRODUCTIVE ORGANS 

The appearances of the external genitalia do not differ in any essential from the 
description given by jMurie (1874) 

The female external generative aperture is an elliptical fissure near the middle of the 
third fourth of the animal’s length, and infenorly about \ ertieal to the termination of the 
pannieulus Tlie tegument around is dark coloured, and thrown into a good number of 
minute parallel and vavj UTinkbngs chiefly transverse in direetion Immediately nathin 
each tip of the vuha, or vliat may be considered the labia niajora, are some twenty or 
more short, but deep, folds of membrane, in the recesses of which arc crypts, the openings 
of sebaceous glands The homologucs of the nyanphae or labia minora are t\^o prominent 
folds of the mucous membrane, each one inch in length, which he within the antenor 
pudendal commissure, and slightly converge as they' pass backwards Between these and 
with lateral plicate sulci is a median ndge 1 3 inches long, which ends in a small but dis 
tinctly pronounced chtons 

In the 42 cm foetus (Text-fig 1) the w'rinkling of the skin about the vulva is not 
present, and there are only' six folds w itlun the tip of the vulva, and their position 
is mainly' lateral The opening of the tmlva is 2 0 cm in length and 0 i cm m w idth, 
the junction of the tmha and vagina is markedly' constricted The t agma is G 0 cm 
in length, and it widens to 2 0 cm in diameter at its upjier portion, but narrows 
again at its upper limit Immediately' anterior to the opening of the urethra at the 
base of the clitoris lies a well-marked slightly' raised area, in the form of a pear- 
shaped plaque 2x1 cm on the ventral wall of the a agina The surface of this plaque 
is only slightly' g^oo^ ed by' shallow longitudinal fissures In the maturing specimen 
the area is no longer raised in the form of a plaque and the vaginal wall m this 
lower portion is similar in its appearance to that of Bataenopieia plipsalu^ 
(Ommanney', 1932) 

The structure of the upper part of the vagina is described by Muric as follow s 

The iiiipcr half on the contrary is narrower and lias a sen une\ cn surface This roughen 
mg depends on a numerous senes of trms\erse rugae or puckenngs of the membranes, 
some four of winch are extremeh prominent In alluding to these \al\ ular folds Hunter 
(1787) aptly compares them to a succession of ores tincarum rhc\ are composed of thick 
mduphcations of the fibroid tissue of the wall of the aagina mwardh lined by narrow 
longitudinil mucous nigic, whicli fringe their free edges The fold nearest to the os and 
only a thumb’s breadth from it, has a thickness of f/10 of an inch 1 he tnic os uteri is onh 
distinguishable from the preceding lolds b\ its narrower and somewhat firmer ring like 
aperture 
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The appeaiances of the vamna in the 4,9 eivi f 4. 1 

Text-figs 1 and 2 It will be seen that the . . "" 

apeituie into a nairow canal, each lined Avith m « small 

numeions longitudinal folds The canal has a lane that is thrown mio 

adult and ends by openin. tlnon.hTl ^ 

t.«s canal -p.esc^rrf™e itcalTS^ 

cervix Below the eervix there iq « r 1 ^ ^ ^ conical projection is flic 

=nt.rely enccle the vag.na, and that 

nairow opening in the seeond vaginal fold The lov er vaginal folds are Slav n dov n 



Text fig 1 Drawing of the reproductive tract of the 42 cm foetus Tlie \ agina and con i\ lia\ 0 hocn 
sagittalty sectioned and parts of the posterior vails of the fused horns and left horn iia\o Iain 
removed The scale icpresents 1 cm 


into the vagina, so that they are sinnlai in appearance to the cervix The tvo mam 
vaginal folds have secondary leaf-hke folds arising from them One such sccondar\' 
fold IS present in the 42 cm foetus (Text-fig 1 ), and a varying number iiji to four 
are found in the immature and matuie specimens (Text-fig 2 ) All the folds arc 
lined on then’ ninei aspect by a series of parallel longitudinal rugae iMicioscopicai 
examination of the vagina and its folds, both in the foetus and 111 the .uliilt shows 
them to be xmiy muscular stiuctures A thin outer longitudinal muscle layer is 
present, which sends fasciculi up into the bases of the vaginal folds The deep 
muscle layer is cncular, well developed and arranged in a series of bundles separated 
by fibrous tissue In the vaginal wall the bundles are small and numerous, iiut in 
the vaginal folds and cervix they aie large and separated Iiv niucli fibrous fissm 
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The uterus is relatn eh small being S mm m length in the 42 cm foetus and 
15 mm in the ne^^lv born specimens The walls of the uterine caanti are smooth 
iMth a fen raised protuberances or cotyledons In the immature specimens the 
chamber measures 5 0 cm in length and in the adult it is S cm in length b\ 5 5 cm 
in breadth In 'Murie s specimen an immature female the uterus measured 5 cm in 
length The mucous membrane in the adult is raised into numerous longitudinal 
folds or rugat These rugae are continuous n itli similar ones in the uterine horns 
and they narrow at the internal os and are continuous with the folds lining the 
cers ical canal 



Text fip 2 Drawing of the upper reproducti\e tract of the while 11 The tract ha's been «agittill\ 
sectioned up to the Ic^el of the fiLsed horns one side of the fu^ed horns and pirt of the left bom 
ha\e been opened b\ removal of the postenor wall The «:cale is m centimetre-' 

The uterine horns are fused for the lower 20 mm in the newh bom and for the 
lower 10 cm of their extent in the adult The free part of the uterine liorn measures 
0 0 cm in the newh born and 25 cm in the adult The mucous membrmc of the 
foetal horn is raised into a scries of coUledons and elongated rugae Howc\cr m 
the adult the mucous membrane is raised into a number of parallel longitudinal 
folds ibout 2 mm in w idth and 4 mm m depth In pi ices these folds ire interrupted 
and It IS apparent from the intermediate stages tliat the sm ill coti ledons of the 
foetal and inimature specimens become drawn out into the long parallel folds of the 
adult (Text figs 1 and 2) The broad ligament is attaehed to the postcro-lateral 
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aspect of the uterus and fused horns, the mam bulk of tlie ligament passnm behind 
the uterus However, the ligament is attached to the lateral border if the separate 

subs'r of the uterine tube pursues its sinuous coiiisc lii the 

substance of the broad ligament Daudt (1898) desciibes a strong band riniiinm 
lom the lostral end of the ovaiy to the foremost end of the ostium ahdomuialc'" 
Onmianney (1932) deseribes the same band in B 2 }hijsahis Tlic band is also picsent 
in Glohiocephala, as also is a strong band running fiom the postenoi aspect of the 
ovaiy to the uterine horn, eonsidered by Daudt to be the hgamentuni ovain The 
liganientum teres is also piesent as a stiong band running m the bioad ligament 
fiom the base of the uterine horns to the inguinal eanal 

In the material under discussion the uteime tube can be divided into thicc p.uts 
The first part in the adult is sinuous and thick walled, and vheii diawn out e\tciids 
for 6-10 cm This leads into a wider, straighter, thin- vailed pait, which runs along 
the sujjeio-medial aspect of the ovary to its anterioi end Here the tube opens out 
b}'' a funnel-shaped pouch which oveiliangs the ovary (coinjiaic with the findings ol 
Pj'^craft (1932) in the dolphin) The fiee lower and medial edge lies belov the ovai^ 
so that the latter is viitually enclosed in a poueli, leminisccnt of the o\aiian sac 
of the seal The inner aspeets of the pouch and infundibulum are lined bj'^ numcioiis 
membiaiious iidges, which run downwards towaids the ostium These aic ptc- 
sumably the fimbriae mentioned by Mune (1874) Microscopical evammation shovs 
that the innei aspect of the pouch is lined with small villous projections, coicicd 
with ciliated columnai epithelium and containing a naiiow centi.il core of delicate 
connective tissue 

Histological changes m the lepiochiclive tiaci 

Unfoi tunately there is insufficient material for an adequate rejiort to be madi 
on the changes occuiring in the repioductive tiact dming the C 5 ’-cle, or dining 
pregnancy HoAvever, the complete tiacts of two whales, CW 10 and aic 

available for examination The fiist, CW 10, contained no coipoia lutc.i m cither 
ovaiy, and the piesence of only a few small follielcs less than 1 nun in diauicUi 
indicates that it is an adolescent specimen The whale CW 11 cont.uncd the eaihcst 
coipus luteum of the senes in one ovary, both ovaiies displayed maikcd follicular 
development 

The mucosa, as Matthews (1948) desciibes m the Balaenoptcnd v hales, is chaily 
divided into two layers The outer subepithelial layer is composed of a lliin stratum 
compactum, varying from 150// thick in CW 10 to 400/f thick in CW 11, vliuh 
contains the ducts of the glands and a superficial capillary jilcxus together vilh 
a few laigei vessels The deeper layer, the stiatum spongiosum, is thicker comiirisi s 
the rest of the mucosa and contains the convoluted glands The cells of the slratum 
compactum are relatively small, and tend to be stratified, giving the lajci a dis- 
tinctly more dense appearance than that of the stratum spongiosuiii Ihe ccl s ol 
latte, laye. a.c l"ge. and a.e very loosely arranged The epd >0 -n ■ • 

retained ovei most ot the imicosa. but m many areas, partienlnrl, of lilt mm os . 
ome borot the ute.u,, the ep.thchum has been lost The untcr agrees ...11 
Matthews (lOiS) that this loss of the cp.thelmm is probably a post-morlcm el„ . 
occurring befoie fixation 
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The uterus of the adolescent specimen CW 10 (PI 1, figs 1 and 2) lias its lining 
raised into a series of rugae 1-2 mm high and 1 mm thick similar, but larger 
elongated rugae are found m the fused horns and m the horns Tlie epithelium is low 
cuboidal or cubical, the nuclei are darkli stained and occupj most of the cell The 
ducts are Imed b\ high cubical or columnar epithelium and there is no fusible lumen 
The glands are straight wuth darkli stainmg nuclei and little cj'toplasni, the lumen 
IS small or not nsible The stroma is dense and compact all the cells stain hea^^l^ , 
there is no distinction of the stroma into two laj ers The blood i essels are small and 
straight and there is a number of small \ essels amstomosmg just beneath the 
epithelium 

In CW 11 (PI 1, figs 3-5) the Iming of the uterus fused horns and horns shows 
distinct changes The epithelium is of the lugh colmnnar pseudo-stratified tApe 
and the cj toplasm is increased m amount The endometrium of the uterus is now 
3—1 mm tluck and the rugae are correspondmgh enlarged in the horns There is 
a distinct stratum compactum, contaming the ducts of the glands, and numerous 
dilated anastomosmg blood ^ essels The stratum spongiosum is oedematous and 
the stromal cells are enlarged The glands are hj'pertrophied, distended and coiled, 
and the basal part show s e^ idence of active proliferation The lumen of each duct is 
dilated and actii e secretion is commencing m the glandular epithelium The arteries 
are enlarged and tortuous, and the superficial a essels are engorged In the superficial 
part of the stratum spongiosum the glands are larger m diameter, and the lumina 
are also larger The glands in the mucosa of the uterus and the fused horns are 
larger in diameter than those of the horn Small depressions can be seen in the 
surface of the mucosa, but because of the lack of material from later m pregnancj 
these cannot definitelj^ be called incipient crjpts, such as Matthews (1948) describes 
in Blue and Fm whales 

TransA erse sections of the uterine tubes (PI 2) show tliat the epithelium is of the 
pseudo-stratified columnar tj^ie The epitliehum of the tube of CM 10 is low cuboidal 
or columnar and the lumen is open and regularlj stellate In CW 11 the epithelium 
has changed to the high columnar tj’pe, the lumen is irregular and the epithehum 
more plicated The epithelial cells arc liA'pertrophied and the submucosa is oede- 
matous 

It IS therefore ca ident that the corpus luteum of CIV 11, despite its small size and 
relatiA eh earlv histological dcA elopment, lias initiated progestational changes in the 
reproductiA e tract 

THE 0\ \H\ 

'1 he OA ar\ is suspended Iia a short thick mesoA arium on the inner side of the broad 
ligament In the foetus and the adolescent specimens the OAaries are wlute, elon- 
gated, OA il bodies A\ath smooth surfaces There are no ‘bramble’ markings present, 
such as are found on the oa arA of Balaenoptera (OmmaimeA , 1932) In the adult 
specimens containing a fulh dcA eloped corpus luteum the sliape of the oa aiw is 
almost spherical, due to the relatiA ch greater mass of luteal tissue The colour of 
the adult oa arics becomes a dark grcA as the animal ages The oa arA is diA ided into 
cortex and medulla, the latter consistmg of tortuous mterlacmg arteries and a ems 
embedded m a dense mass of wlute fibrous tissue The OAanan arteiw diAides before 
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“ 'T “““’■I’”-"' 'n one or more 

^eins Ihe mam blood supply passes into the medulla but there are seicril stnnll 

blanches passmg mto the co.tex The cortex is relativdy broad m cMcni and ,s 
fi cd mth developing and atretic follicles embedded m the si, on, a The ti.iiiea 
albuginea IS thick, but it does not prevent protrusion of matin ing follicles, or con- 
si erable herniation of the young corpus luteum No mteistitial cells haA c been 
obseiimd m tlie medulla or the cortex 


In tlie hilum and pioximal part of the medulla of the foetal ovary coids of poorh 
differentiated mesenchymatous cells are present They probably leprcsent the 
remnants of the lete ovaiu 'Remnants are also found m the ovaiies of adolescent 
specimens The coitex of the foetal ovary contains numerous piimarj’' oocytes, each 
oocjde being enclosed by a single layer of deeply staining flattened giamilosa cells 
The diameter of these primary oocjdes is from 25 to 35/; 

Laige numbeis of primary oocytes are found m the ovaiies of the ncwboin and 
recently born specimens Many of these oocytes show signs of impending oi advaiitcd 
degeneiation The ooplasm is distorted and vacuolated, and m many instances the 
ooej'^te has comirletely disappeared, leaving a flattened cavity suuoundcd hy 
degeneiatmg epithelial cells There is no evidence of follicular growth in the youngest 
immature specimens 

The ovanes of the youngest specimens can be divided mto tlnec in.im groups 
fiom consideration of their size and volume, histological appearance and the size 
of the parts of the lepioductivc tract The fiist group contains the ovaries ol the 
newl)'’ born specimens (3) (ovaiy length 2 1-2 4 cm ), the second consists ol flic 
ovaries of the immatuie specimens (4) (oAmry length 2 6-3 2 cm ), the third com- 
prises the ovaries from adolescent specimens (7) (ovar} length S 8-4 5 cm ) None 
of these oA'^aiies contains a corpus luteum and only the last group contains dcs clojnng 
follicles 

The ovaiies from the third group of adolescent specimens (o\aiy Icngih .18- 
4 5 cm ), all shoAV maiked follicular development Large mimbcis of small and 
medium-sized follicles are present and have a diainetei varying from 0 5 to 6 mm 
In two of the larger oAmries of tins group large follicles are present, v ith a dmmctci 
of 2-2 5 cm The laigest follicle (fixed) seen in the Avholc senes had .i dmmclcr of 
3 25 cm and Avas m the ovaiy that contained the yovmgest corpus luteum (C^V 11) 
The size of this follicle, Avhen compared AVith that of the lecently formed corpus 
luteum, indicates that the size of the matuic follicle prior to ovulation is prolMbl) 


in the region of 3-4 cm 

Micioscopical examination of the ovaries of this third gioup shoA\s the prcseoci 
of small numbeis of healthy piimaiy oocytes, 25/( m diameter, in the cortc\, tlurc 
aie also numbeis of degeneiatmg oocytes No polynuclear oocjdcs or imilliOAular 
follicles have been seen in any of the ovaries of the senes The structure of L ic 
matuiing follicle is of the typical mammalian form, and there is c cac op- 

ment of the theca interna in the medium-sized follicles (PI 3, fig -) In man 
placL developing follicles are surrounded by a theca interna la>xr ^ome tudie 
Llls thick These cells shoAV all the changes associated '' f ‘ 

nuclei are enlaiged and show vesicular changes, and vacuolation of t ic )\ ■ 

Ta Lrwtire Many developing follicles possess tliecal cones (see S,r„ss,„„„„. 
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1941, Harrison, 1048) on the pole of the folhcle nearest the ovarian surface Some 
of the smaller follicles (0 8-1 mm m diameter) ha^ e internal cones on the pole of 
the folhcle nearest the medulla of the o\ arj The possible significance of the transient 
appearance of these imvardlj directed cones of thecal cells has been discussed m a 
preiious paper (Harrison, 1948) 

Although there is msulficient material for a statistical anah sis it appears that the 
gronth of the o\ urn and follicle follows the usual tno n ell-marked phases described 
(Parkes, 1931) Ihc antrum de\elops when the folhcle is 250-350/< in diameter, 
and the zona pellucida appears at about the same stage, the ooc^■te being then of 
the order of 70/( in diameter 

The granulosa cells in the health} follicle slion a basal la} er of columnar cells, 
their nuclei arranged regularh intli the long axis of each nucleus perpendicular to 
the lamina propria The inner layers of the granulosa cells are cubical or spherical 
in shape and the nuclei arc irregularli placed Small spaces resembling the bodies 
of Call and E\ner can be seen in the granulosa la}er of maturing follicles (PI 3, 
fig 2) Manr of the follicles m the adolescent or aries show signs of atresia The 
even columnar arrangement of the basal la}er of granulosa cells is disturbed, and 
this change coincides n ith the first appearance of degeneratn e clianges in the 
ooc} te The granulosa cells lose their compact arrangement and the lar er becomes 
loosened, the cells snell and subsequent!} degenerate A further characteristic sigii 
of earl}’’ degeneration is a change in shape of the folhcle The peripheral pole of the 
follicle shon s a tcndeiic} to collapse inn ards, gn mg the follicle a pear-shaped appear- 
ance The granulosa cells m the collapsed part of the folhcle tend to remain un- 
degenerated longer than those at the uncollapsed medullar} pole Tins collapse of 
the outer pole of the follicle has not been seen so markedl} in or aries of an} otlier 
mammal examined, and it is apparentl} mainl} limited to the or aries of adolescent 
specimens It is possible that it is due to the faqt that the fibrous tissue of the 
medulla gres some stabiht} to the inner pole of the follicle, uhereas the actneh 
grouing stroma in the cortex, together rnth the presence of numerous follicles at 
r anoiis sbiges of de\ elopment, exert a local pressure on the outer pole 

IHE CORPUS EUTEUiM 

In the arailablc m itcrial there are fire or aries which contain reccntl} formed or 
full} dcr eloped corpora lutea (PI 3, fig 1) Tluce of these corpora are from whiles 
w Inch had reccntl} or ulated Careful examination of the reproductir c tract of the 
earliest of these specimens failed to rercal an} products of conception The details 
of the or aries containmg these corpora are gircn in Table 1 

Ihc smallest of the corpori lutea (CW II) has a diameter much less than that of 
a mature follicle, and there ire no corpora lutea m the other o\ar\ Iherc is con- 
siderable herniation of the corpus luteum, the herniated part being a nipple like 
projection rrith a slit, 4 mm long at the ajicx of the projection This slit, which 
IS shghll} depressed into the substance of the corpus luteum, marks the stigma Hie 
cut surf ice of the corjius luteum is a pale r cllorrash grc} m colour The collapsed 
ind folded niiir il ejiithehuni is clear!} seen, there is no marked haemorrhagic effusion 
into the centre (PI 3, fig 1) 

Microseojiical cxaniination shows a marked!} folded epithelium Considerable 
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trabeculation is present, projections of thcea exteina eontammg W.oc.-,l icsscis ron.i 

“*> Asoiaiisiitikcoctr;,:!:.;:;: 

bases of fhl l of tlieca niterna cells are to be seen at the 

Ll Sonro thecal 

,ofP developing gland about the trabeculae The theen 

mteina cells aie lelatively small, with a slight amount of cytoplasm contamnuf 

veial minute vacuoles, the nuclei are densely stained The cells aic smallci than 


Table 1 Measinemcnts of ovancs oml coipoia htea m adult sp(cimrii<i 


Corpora lutea* 


Animal 

f 

Length Breadth 

Depth 

\ 

Volume 

Mean of throe 
diameters 


no 

{mm ) 

(min ) 

(mm ) 

(cc) 

(mm ) 

BolUelcs 

GW 11 

50 

30 

25 

15 5 



4 

55 

30 

20 

16 0 

IS 

Mnn3 small, sorcnl 1-3 nn 

42 

34 

32 

26 0 

33 

Mans small, so% on) 1 cm 


40 

22 

24 

210 


16 

80 

25 

15 

24 0 

20 

None larger than 1 mm 

12 

05 

22 

23 

ICO 

IS 

Mniu'' small, so\ ora! I cm 

27 

65 

30 

25 

27 0 

13 

Marty small, few 5 miii 


04 

30 

26 

28 0 

IS 

19 

55 

25 

24 

20 0 

12 

Pew kss than 1 mm 

21 

50 

30 

20 

13 0 

7 

Pen Jess than 1 mm 

1 

60 

00 

40 

88 0 

50,23 

None 


55 

30 

28 

22 0 

17 


30 

90 

30 

15 

29 0 

18, 17, 17 

Poll icr> small 

25 

05 

25 

25 

24 0 

16, 13, 9 

Fon itrj small 

28 

55 

35 

20 

27 0 

15, 9, 9, (? 1) 

Many 5-10 mm 

15 

64 

35 

24 

35 0 

14, 12, 11, (? 2) 

Pow 5 mm 

22 

45 

30 

20 

13 0 

13, 12, 9, (? 2j 

Pen icrj small 


SO 

25 

22 

12 5 

12,8 


24 

70 

30 

26 

30 0 

7, 5, 3,(?3) 

Poll lor} small 

3 

60 

40 

20 

32 0 

20, 16, 14, 12 

None 


55 

35 

20 

32 0 

17, 13 


23 

55 

30 

20 

18 0 

13, 12, 10, 7 

Tiio 3 mm , foil lory small 

26 

05 

30 

35 

30 0 

17, 14, 10, 7, 0 

Pen small 

20 

05 

35 

30 

24 0 

16,12,9, 8, 5, (rl) 

Poll small, one 10 ram 

I'oii small 

18 

55 

25 

18 

10 0 

12, 9, 7, 5, 4, (’ 1) 

2 

70 

60 

30 

04 0 

30,21,18,13,10, (?1) 

None 

5 

70 

60 

35 

06 0 

41, 17,11, 9, 7, (?1) 

None 


65 

30 

25 

21 0 

13,12, 7, (■’2) 


29 

50 

30 

IS 

240 

I3,8,8,8t,7,G.(?]) 

Pou \iry small 


* The figures in brackets indicate the probable number of further corpora lutca, nJiich arc not vniWo 
to the naked eye, but can be seen in histological sections 
•j- See p 248 


those found at the peripheiy of developing follicles The granulosa cells shou 
vaitang degiees of lutealization Those cells near the pcriphcrj of the gland hate 
an aveiage diameter of l5/t compared with that of 10/t foi the foihcnlai granulosa 
cells The maioiity of the cells have a granular eosmopluhc cytoplasm, some ccl s 
alxeady shovang evidence of vacuolation The vacuoles are cither numerous small 
and spLneal, or single, large and oval The nuclei of the granu osa eel s are to 
most nart small and darkly stained, a few shou vesiculai changes X he granulosa 
n af loosely airangcd, being separated by Ihud-fillcd spaces There is some 
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fibrin betii een the cells and numbers of er\ throcjd;es are also present in the fluid- 
filled spaces Vascularization of the gland has commenced and small smusoids and 
capillaries haie been formed from the thecal lessels Endotjielial cells can be 
recognized iniading the peripheral part of the gland Earlj' reticulum deposition 
has commenced in the peripheral part of the gland 

The general appearance of this earty corpus luteum is therefore of an open ‘lace- 
like’ arrangement of lutealizing granulosa cells, such as has been described by 
Pearson <L Enders (1943) m the fox, and bj Harrison (1946) m the mare It is 
apparent that omlation has only recentty occurred, approximatelj’^ within the prenous 
48 lir , and from comparison w ith the appearances with those of other mammals, 
probably mthin 24 hr The size of this corpus luteum, mth a mean diameter of 
19 mm , suggests that the size of the original mature follicle was of the order of 
3-4 cm in diameter Comparing this tentative size of the mature follicle mth that 
of other foUicles present m the ovar}% it appears that m Globiocephala only one 
or two follicles enlarge to a maximum diameter prior to o^’^Ilatlon 

The second and third specimens (CW 2 and CW 4, Table 1 ) are similar in appear- 
ance and structure, and the corpora lutea are approximately at the same stage of 
development Both corpora lutea are markedlj’' herniated, and the stigma is more 
depressed than m the pre\ lous specimen A vertical slit passing through the centre 
of the gland, marks the remnants of the central ca^^ty The cut surface is j ellow er 
than the prenous specimen, but the lobulated structure is still apparent (PI 3, 

fig 1) 

Microscopicallj the trabeculae hai e increased in thickness, mainlv due to m^ asion 
bj’' theca externa cells and increase in size of the vessels The theca mtema cells are 
still present as groujis of small eosmoplul cells, their c}’toplasm de^ oid of vacuoles 
and their nuclei darkly stamed These groups are mainly arranged m the ^ icimty of 
the trabeculae, but some cells haee wandered out between the luteal cells 

The granulosa cells ha^e changed considerably and have increased m size to an 
average diameter of 30 /< The cytoplasm has mcreased greatly in amount and also 
m granularity Some cells haAc an CAcnly granular C 3 ’toplasm, but others show 
varjnng degrees of A’-acuolation In some cells the peripheral cjdoplasm is full of 
small vacuoles, gn ing it a honej'^-comb appearance The pen-nuclear CAdoplasm is 
dense and granular A striking characteristic of manj’’ luteal cells is the presence of 
tw o or more nuclei in one cell These multmucleated cells are large, haa mg a diameter 
of over 40/1 (PI 4, fig 1) Their nuclei are large and Aesicular, but manj of them 
are darkly staining, wath the clu-omatm gathered into coarse granules Occasional 
mitotic figures can be obser\ ed There is little doubt that at this stage in the develop- 
ment of the corpus luteum there is mitotic du ision of the nuclei of the luteal cells 
The cytoplasm of the cells does not necessarilj dnide, however, and, as a result, 
large multmueleated luteal cells are formed The luteal cells tend to be arranged m 
eolumns, some four or more cells m breadth, m w hich manj of the cells exhibit this 
multmucleated eondition The luteal columns are looseh arranged and are separated 
bj fluid-filled spaces (PI 4, fig 2) Endothelial cells are to be seen imading these 
spaces and vascul irization of the corpus luteum is taking plaee In manA places, 
near the peripher\ , endothelial sinusoids liaa e been formed around groups of luteal 
cells 

Anatomj 83 
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The fourth corpus luteum (CWl) to be descnbcd ]nr.er th„„ the 
specimens and the cut surface lias a pale ocluc colour (H a. (i„ , The Tod"' 
pear-shaped, markedly herniated, and a broad dimple marU tL iLi oif or , 
stigma The trabeculae have further increased in size, gniiig the gland a lobulated 
appearaiioe on section This corpus luteum is one of pregiinifcv, but the foe„: 
untoi tunately, not accurately measured in the field 

Marked histological changes have occurred The trabeculae are thicker and coiiMst 
of fibrous tissue, and the blood vessels m them have thick vails (PI 4 firr 3 ) 'yiip 
luteal cells are collected into columns or groups by a network ot fibrous ti^^ssuc The 
vessels running in the fibrous network are flattened and contain little blood Tlie 
luteal cells are smaller, having an average diameter of 25 ft Multinuclcatcd cells 
are still to be seen, but all the nuclei aie smaller and daikei staining than in the 
previous specimens Very few of the cells are vacuolated, and the cytoplasm is 
evenly granular m all the cells At the periphery of the gland small irrcgnlnijs 
shaped cells with pale eosinophil cytoplasm and small darkly staining nuclei tan 
be seen interspersed amongst the luteal cells It is presumed that these cells arc flic 
theca interna cells Such a statement cannot be verified without folloving tlic changes 
tlirough a number of stages, but it is unlikely that such a senes will be obtained 

The last specimen (CW 5) is slightly smaller than the preiuous one and siiovs 
signs of impending retrogressive changes (PI 3, fig 1 ) The specimen vas obtained 
fiom a pregnant animal, but the length of the foetus is not known The fibrous 
matrix is even more pronounced and there is evidence of shrinkage of llic luteal 
cells (PI 4, fig 4) None of the luteal cells contain vacuoles and the cylo{)lnsm 
has a ‘fibrous’ ai^pearance Many of the nuclei are pycnotic or fragmenting 'J'licu 
is little blood in the vessels of the gland, and the majority of the large vessels arc 
developing thick walls Multmucleated cells are present, but are infrequent Theca 
mterna cells can still be seen at the periphery of the gland and tlieir ajipcnranccs 
are the same as m the previous specimen 

This coipus luteum is considered older than the previous specimen on account 
of the slirinkage of the luteal cells, and the signs of retrogressive changes 

In the ovary of CW 29 a small yellow body 10 mm long, 8 mm wide and 5 mm 
m depth was seen Unfortunately the other ovary was not olitamed This body 
was sectioned and was found to have a structure resembling an actnc corpus 
luteum The histological appearance is of a corpus luteum older than that of CIV 1 
and younger than that of CW 1 There is no trabeculation and little fibrous tissue 
in the gland Typical luteal cells are present, some containing small sjihcncal vacuoles 
m the peripheral cytoplasm Multmucleated luteal celts can be seen and the ni.clu 
are all Yesieular Theca interna cells rvith tlieir typical appearance arc present at 
the periphery o( the gland The structure is very vascular and the vessels arc dis- 
tended Lh blood The appearances thus indicate an apparently aetiic area o 
tatol tissue It IS noteivorthy that in the same ovary there is a larger, though 

anything but a tentative sugg s luteum derived by the lutcali/ation of 

,t IS possible that it is an accessory corpus luteum, derived y 

a small follicle 
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THE RETROGRESSING CORPUS LUTEUM 

It IS ell kno^ra that in the Ab stacoeeti the corpus luteum of each onilation persists 
in a degenerated form for a long time and possiblj tliroughout the life of the hale 
(Mackintosh «SL, Mlieeler, 1929 , Alackmtosh, 1946, for ^e^ leu ) Comrie & Adam (1938) 
hai e im estigated the retrogression of the corpora lutea of Pseudorca crassidens, and 
their results Mill be discussed m association with the findmgs m Globiocephala 
In the material a^ ailable eight o^ aries contain one retrogressing corpus luteum, tM o 
contain tMO, se^en contain three, four contain four, and four contain fi\e, in 
addition to the fi\ e recentlj formed or fullj”^ developed corpora lutea alreadj referred 
to A.11 the retrogressing corpora lutea are of different sizes, but their histo- 
logical appearances are the same E\temall^ they are apparent as raised, puckered 
plaques on the surface of the ovar\ mth a wrinkled ridge 6r ndges around the 
raised button-hke area The largest old corpus luteum has a mean diameter of 
23 mm and the smallest discernible to the naked ej e is 3 mm m mean diameter 
Below this size old corpora lutea raise no MTmkles on the o\ arian surface Sections 
of the cortex of the ovaries contaming manj old corpora show the presence of further 
areas simulating the appearance of a degenerating corpus albicans Therefore, 
although remnants of corpora albicantia remam \Tsible for a long time in Globio- 
cephala, it appears that such remnants shrmk to a degree vluch does not enable 
them to be seen on the surface of the ovarj It is also to be noted that one of the 
ovaries (CW 24) vluch, by its dark colour and atrophic appearance, is from an old 
indii idual, contains visible remnants of only tliree old corpora lutea These remnants 
are 7, 5 and 3 mm in mean diameter and have thus undergone retrogress^ e 
changes for a considerable period Houeaer, microscopical exammation of areas 
of the cortex re^ ealed at least three further old corpora lutea of a mean diameter 
of 3, 2 and 2 5 mm , and m hicli m ere im isible to the naked ej e It thus appears 
that retrogression in the corpus luteum and in the corpora albicantia is essentially 
similar to that occurring m other mammak, except that the retrogressive process 
extends os er a greater length of time The corpora albicantia es entuallj shrink to 
a size unappreciable by the naked eye, and the} maj presumablj disappear entuel} 
In one of the specimens (CAV 30) tluee of the corpora albicantia are of approxi- 
mately the same size and are arranged m a row, each being a pedunculated mass on 
a broad stalk 

DISCUSSION 

An arrangement of folds in the upper part of the vagina resembling the condition in 
Globiocephala has been described by Pycraft (1932) in other species of Delphinidae, 
and this author gnes the term ‘pseudo ccraix’ to the elongated and conical appear- 
ance of the a agmal folds He comments on the ande range of a ariation m the details 
of the anatoma of the uterus and aagma in the Delphinidae Ommannej (1932) 
gia cs a selection from the accounts of a arious authors shoaaang the a ariation m the 
number of the a agmal folds lhe> aara m number not onla in the species, but also 
in the India iduals of a single species Daudt (1S9S) describes nine to taa ela e folds m 
Phocacna phocacua, aahereas Meek (1918) finds onla tavo great folds Daudt (1898) 
finds taa ela e folds in Balacnoptera phijsalus, avhereas Ommannea (1932) finds slx 
folds The appearances m Globiocephala suggest that there is a primary pattern of 
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to *M, t J ”* “n arrangement of the s agmiil folds siinilai 

to that ound 111 the specimens under discussion Turner (1807) remarks, iiidccil, 

tha t the hps of the cervix are liable to be gonfounded ivitli the upper transverse folds 
or tne vagma 

Meek s suggestions (1918) that the penis probably penetrates tlic vaginal folds 
and that their function is to promote the emission of seminal fluid appear lo be 
coirect It IS also probable that they assist in conveying the seminal fluid towards 
the uterus by their muscular contractions The seminal fluid is able to collect iii flic 
chambers formed by the vaginal folds, and their arrangement, and also the relalnc 
narrowness of the inilva ivill prevent sea water entering the utcius 

The killing of so many members of one school of Glohwccphald at the same tiiiu 
enables some information to be obtained on the reproductive pattern There aic 
present m this one school on the same day at least one animal that has iccenllv 
ovulated, two which have ovulated some days previously, two which arc ajijnoxi- 
mately m the middle of the gestation period and one full-term foetus (not obtained 
for this report) There are also seven recently born or immature females and niiit 
adolescent females, the ovaries of the latter showing varying degrees of follicular 
development The remaining ovaries contain several corpora albicantia rusiblc to 
the naked eye and varying m number from one to five Remnants of furtliei coijioni 
albicantia can be found on microscopical examination It tJius appeals tliat there 
is no definite breeding season, although it is possible that ovulation docs not occur 
during the winter months However, so small a senes does not completely nile oul 
such a possibility If it is assumed that the gestation period is from 9 months to 
a year (the gestation period of the Common Ocean Dolphin is said to be 270 da^ s 1)\ 
Khvatov (1938) quoted by Asdell (1946)), the pregnant whales ovulated during the 
summer months of 1946, and the first group of newly born females was born in the 
early spring of 1947, and the adolescent females during the previous vear 'I'his 
estimate would suggest that the whale CW 11 was born in 1945 and has thus readied 
puberty at the end of its second year 

It IS agreed with Comrie & Adam (1938) that the site of ovulation appears to lie 
situated any^vhere on the surface of the ovary There is no tendency for the m.iturc 
follicle to rupture at the poles of the ovary as m the mare (Harrison, 1946) Coniric A 
Adam note a greater retrogressive effect on the corpora albicantia in ovaries con- 
taining a corpus luteum of pregnancy In the specimens of Glohwccphala no such 
increase in the retrogressive process is noted Corpora albicantia in ic ovaries o 
CW 1 and CW 5 are of the same size as those in other ovaries from non-preguant 
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In Pseudorca there are no corpora albicantia present of the same size, except at 
the final stages Ho^s ev er, there are in Globiocephala sei eral mstances of an oi arv 
contaming corpora albicantia of approximateh the same size and appearance, as 
m CIA' 23, 28, 29, 30 (Table 1) The latter contams three qmte large corpora albi- 
cantia, arranged in a row on short peduncles This finding does not necessarih 
indicate poh o\'iilation, as corpora lutea in this condition do not all retrogress at the 
same rate Tii mnmg and multiple pregnancies ha\ e been reported in the stacoceti 
(Asdell 1946), but in Pseudorca, only one foetus nas found m each of se^ en speci- 
mens, and m Globiocephala onh one foetus was found in each of tliree specimens 
From this ei idence and from the fact that the n hales killed are at different stages 
in the reproductiie c\cle or pregnanc\, it is probable that in Globiocephala as in 
Pseudorca, oimlation is spontaneous and occurs se^ eral times a ^ ear 

It IS well know n tliat the accumulations of corpora albicantia in the o^ ar\ of the 
whalebone wliales is an indication of their age (^Mackmtosh, 1946) The methods of 
estimation are, how ei er, based on the assumption that the corpora albicantia nei er 
completeh disappear It has been suggested from the obsen ations gi\ en that in 
Globiocephala the corpora albicantia do e\ entually retrogress to such a degree that, 
failing serially sectioning each o\ ar\ , no precise indication of the number of corpora 
albicantia m an adult oiarj can be given A further criticism of any method of 
determining the age of a whale is that there is at present no infallible method of 
tellmg if anj corpus albicans is one of the cj cle or of pregnanc\ Comrie & Adam 
suggest that the finding of a regular gradation m the size of a series of corpora 
albicantia indicates a pohoestrous C 3 cle, it maj% howeaer, equallj well indicate 
a successn e series of pregnancies Thus CW 5 w Inch contamed at least one corpus 
luteum of pregnanc\ and four corpora albicantia in one o^ar^, and fi\e corpora 
albicantia in the other, is either 4-6 jears old, dependmg on the number of oestrous 
e\ cles in one j ear, or 21 j ears old, assuming that each corpus albicans represents 
a corpus luteum of pregnanc\ and that the whale becomes pregnant eier} 2 jears 
(see Mackintosh, 1946, Comrie & Adam, 1938) There still remams the unknowm 
number of corpora albicantia that are invisible to the naked e^ e For this reason 
counting the number of corpora lutea is no indication of the age of an\ particular 
specimen of adult Globiocephala 

The presence of multinuclear luteal cells in the earlj corpora lutea and also m 
those of pregnancy , has not hitherto been described m anj other mammal Jlulti- 
niiclear luteal cells ha\ e, how ea er, been preanouslv illustrated, though no reference 
IS made to them in the text In Slackintosh <S, II heeler’s description of the oa ara 
in the Blue and Fin aaliales large aacuolatcd multinuclear cells from the corjius 
luteum arc illustrated in fig 125 on p 388 There is grownng eaadence tliat the 
granulosa cells m mana animals, probablj mcluding man, do dia ide mitoticalla in 
the first few hours after oanilation Furthermore Bullough (1946) lias suggested 
that the mitotic dia isions occurring in the granulosa cells of the mouse just before 
and just after oaulation are due to the mitogenic effects of oestrogen In this 
connexion it is mtercsting to note that the oestrogen aalue of the liquor follicuh 
of the Blue aahale, Sibbaldiis inusculits, has been found to be of the order of 
2000 m u /I bj Jacobsen (1935) This figure maa be comjiared anth those of 
92-788 m u /kg of fluid from the follicles of the cow giaen ha Parkes iSL Bcllerba 
(1926) 
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division orthe hf oestrogen in the follicular fluid The incomplete 

division of the luteal cells may possibly be associated .vith the lar-re amounts of 

bpids that the luteal cells contain The multinuclear cells appear at'thc time that 
vacuoles are found in ever increasing amounts in the luteal cells Hov e^ cr, a more 
likely factor is the relative anoxia to which the cells are subjected At the tune v hen 
the multmuclear cells are found vascularization of the large quantitN of luteal tissue 
IS on y poorly developed Thus the multinuclear conditions maj'- veil be the result 
o an unrestrained giowth process possibly associated with high oestrogen content 
occurrmg in a relatively anoxic environment The presence of mitoses m the luteal 
cells m the retrogressing corpora lutea of Sote.z aianeus described by Brambell 
(1935) is probably due to some other factor, perhaps the removal of the stimulus 
(to the corpus luteum) of the L H from the anterior pituitarj , or the relatn e 
increase in oestrogens derived from the placenta as pregnancy pfogi esses 


SUMMARY 


1 A general account is given of the anatomy of the reproductive tract m a foetus 
and in a number of adult specimens of Globiocepliala melacna 

2 The changes found m the ovaries are described, and a brief account of follu ular 
development and atresia is given 

3 Five recent corpora lutea are described, multmuclear luteal cells arc present 
m four of the corpora lutea 

4 The luteal cells are derived from the granulosa cells of the follicle, they become 
heavily vacuolated early m their development 

5 The theca interna cells mostly remain at the periphery of the dcvcloiniig 
corpus luteum 

6 Corpora albicantia persist in the ovary for a long time Ho^vever, there is 
evidence that they eventually shrink so that they are invisible to the naked eye 

7 The corpora albicantia are thus of little use in estimating the precise age of 
an individual adult Globiocepliala 

8 It IS suggested that G melaena is polyoestrous and that orailation occurs 
spontaneously from one mature follicle at a time 

The author wishes to thank Prof W J Hamilton for his interest and advice, 
and also Dr F C Fraser for Ins help on various points and for kindly alloiving access 
to his valuable collection of references Mr R Watts and Mr R .T McCulloch gav i 
valued assistance with the difficult section-cutting and the photography is the vork 
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EXPLANATION OF PLATES 

Plate 1 

Fig 1 Section through the body of the uterus of the anoestrous whale CW 10 Haematovyhn and 
eosin X 35 

Fig 2 Section through the utenne horn of the anoestrous whale CW 10 Haematovylm and eosm x 35 

Fig 3 Section through the bod 3 of the uterus of the whale CW 11 An earl 3 corpus luteum is present 
in one ovary Haematovyhn and eosm x 20 

Fig 4 Section through the fused utenne horns of the whale CW 1 1 Haematoxvhn and eosin x 20 

Fig 5 Section through the utenne horn of the whale CW 11 Haematovyhn and eosm x20 

Plate 2 

Photographs of sections through the utenne tubes of the whales CW 10 (left) and CW 11 The 
magnification of both sections is x 13 

Plate 3 

Fig 1 Photograph of the macroscopic appearances of the five recent corpora lutea Scale m cm 

Fig 2 Section through the wall of a maturmg folhcle 1 cm m diameter The theca interna hver is 
clearly seen Haematovyhn and eosm x 80 

Fig 3 Low power view of a section through the corpus luteum from whale CW 11 Haematovvlm and 
eosin X 30 

Plate 4 

Fig 1 High power new of the luteal cells from the corpus luteum from whale CW 2 The multinuclear 
luteal cells can be seen Haematoxylm and eosin x 650 

Fig 2 Section through the corpus luteum of CW 4 Haematoxyhu and eosin x 120 

Fig 3 Section through the corpus luteum of CW 1 Haematovvlm and eosm x 500 

Fig 4 Section through the corpus luteum of CW 5 Haematoxylm and eosm x 90 
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A PRELIMINARY STUDY OP THE DISTRIBUTION OP 
CELL SIZE IN THE LATERAL GENICULATE BODY 

By L W CHACKO (Madras) 

Fwm the Depaiiment of Human Anatomy, UnwmsUy ofOafonl 

INTRODUCTION 

In the ooujee of a comparative study of the lammar orgamsation of the lalcral 
g mculate body (Chaclco, 1948a), a reguJar cell-size gradient was observed under 
the low-power microscope in the si\-lammar central vision area as veil as in the 
four-laminar peripheral vision area It was decided to undertake a prelInlmar^ 
study of the spectrum of cell size, basing it on measurements of the size of the cells 
in the human geniculate nucleus m the various layers of both the central niul 
peripheral vision projection areas Supplemental data were obtained in a study of 
the same nucleus in the macaque monkey 

In studying the morphological details of the lateral geniculate body, it is appaicnt 
that the size characteristics of the cells lend themselves readily to quantitatu c 
measurements The larger size and the more deeply staining character of the cells 
in layers 1 and 2 when compared with the cells in layers 3, 4, 5 and G have prci louslv 
been recognized, and Balado & Franke (1937) have mentioned the appro\imatc ecll 
size in some of the layers However, no systematic investigation of the mode of 
distribution of cell sizes has so far been undertaken As regards tlie possible signifi- 
cance of such quantitative studies it should be recalled that Malone (1932) advanced 
the view that the size of a neuron is related to its specific function, to the volume of 
its activity, and to its tendency to maintain a uniform irritability Although the 
central problem of cyto-architecture, namely, its functional significance, is far from 
solved, additional information along structural lines also may prove to be of value 

MATERIAL AND METHODS 

A block of human brain tissue containing the lateral geniculate body was cut in lO/i 
sections in a plane at right angles to the course of the optic tract and stained with 
Borell’s methylene blue The regions of the nucleus chosen for making measure- 
ments were selected in terms of the various retinal projection areas In the central 
vision area which is, m general, characterized by si\ laminae, four antero-posterior 
levels were chosen at regular intervals fiom the foveal centre towards the peniihcry 
(cf Sections A, B, C and D in Table 1) In the human brain, when these six laminae 
are traced to the peripheral vision area, layers 1 and 2 are continued as separate 
and discrete layers, whereas layer 3 fuses with layer 5, and layer 4 with layer C to 
form two ‘small-celled’ laminae (Text-fig 1) These two composite layers of the 
peripheral vision area will be designated m the following as layers (3+5) and +C 
In the prelection area for the lower homonymous quadrants of the peripheral hem 
rlnae foi antero-posterior levels were chosen, and in that for the upper hoiiion - 
mous quadrants three levels were chosen for measurements of the cells o 
respective four laminae (cf Table 1) 
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As 'V'as sho'OTi m a pre\aous study (Chacko, IS-tSo), the central ■vnsion area has the 
shape of an inverted p 3 Tamid vath a flattened apex directed towards the ventral 
hilum and a convex base directed towards the dorsal crest (Text-fig 1) In frontal 
sections this region appears roughly triangular, EF representing the axial plane 
corresponding to the horizontal meridian of the retina The sample fields in each of 
the layers of the central vision area were loeated in a strip extending along the 
avial plane from the hilum to the dorsal crest Since la 3 '^ers 1 and 2 (the large-celled 
elements) are very thin, less dense than the other la 3 ’'ers, and limited in extent in 
this region, only 25-40 cells were found to be arailable for measurements in the 
sample fields of these laminae In the case of la 3 ’'ers 3, 4, 5 and 6 (the small-celled 
elements) 60 cells vere measured in each layer of each of the four sections studied 
so that a total of 240 cells u ere measured in each la 3 'er, amounting to 960 cells m 
the whole central vision area 


£ 



Te\t fig 1 Dmgram illustrating the extent of the central and penpheral vision projection areas in a 
frontal section through the human lateral geniculate body AB indicates boundary between central 
vision area and the projection area for the upper homonjmous quadrants of the penpheral hemi 
retinae (medial tubercle) CD indicates boundary between central vision area and the projection 
area for the lou er liomonj mous quadrants of the penpheral hemi retinae (lateral horn) EF represents 
the axial plane corresponding to the honzontal meridian of the retina lait lateral Died medial 

The ‘lateral horn’, wluch represents the projection area for the lover homon3'mous 
quadrants of the hemi-retinae, exhibits a four laminar pattern throughout its extent 
The sample fields in this region were located along a strip midx\a 3 ’^ between the free 
margin ol the ‘lateral horn’ and its junction wuth the central Msion area In the 
projection area for the upper homonymous quadrants, only the medial tubercle 
shows the tj^pical four-laminar pattern and the measurements were, therefore, 
limited to the cells of the tubercle Because this region is relatively limited in extent 
in iny single section, the strips chosen for measurements coiered nearlj the whole 
distance betw ecn the central \ ision area and the medial end of the tubercle In both 
of the peripheral vision projection areas, the number of cells axailable for measure- 
ments in hvers 1 and 2 was somewliat limited, although not to such an extent as 
in the central vision area In most of the sections the number of cells measured 
represented the total number ax'aihble in each section The number of Cells measured 
in each of layers 1 and 2 ranged from 18 to 47 In each of the composite lajers 
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(3 + 5) and (4 + 6), 40-60 cells were measured The monocular msiou area A\ns not 
included in the present study 

The central vision area of the geniculate nucleus of the maeaque nlonke^ i\as 
studied briefly in one typical section (Table 2) 

In view of the fact that nerve cells may assume very irregular shapes, it is rather 
difficult to make precise measurements of their size The cells of the human geniculate 
nucleus, as is evident from PI 1, appear triangular, polygonal, spindle- or llask- 
shaped The method finally adopted for measurements consisted in measuring the 
long and the short diameters of the cell bodies by means of a scrcv eyepiece micro- 
meter The criterion on the basis of which cells were selected for measurements 
consisted in' choosing only cells AVith intact and well-defined nucleoli For further 
statistical studies the mean of the large and small diameters was noted for each cell 


RESULTS 

The results of the measurements of the diameters of cells m various projection areas 
of the human geniculate nucleus are summarized in Table 1 First, the results 
obtained m measuring the eells of the central vision area will be considered An 
inspection of the microphotograph in PI 1 shows not only the marked size differences 
between the cells of laminae 1 and 2 on the one hand and laminae 3-6 on the other, 
but also seems to indicate a size gradient from lamina 3 to 6. Such an impression is 


Table 1 Means and standaid deviations of diameteis of cells in fi mcasined vi 
diffeient laminae ofvanous piojection aieas in the human 
lateial geniculate body 


Layer 


No of cells 

measured Moan 

Central vision area 


Section A 
1 
2 

3 

4 
6 
6 

Section B 

1 

2 

3 

4 
6 
6 

Section C 

1 

2 

3 

4 
6 
6 

Section D 
1 
2 

3 

4 
6 
6 


40 22 0+0 57 

25 24 8+0 65 

60 19 1+0 31 

60 16 6+0 22 

60 15 4+0 25 

60 14 2+0 24 


30 

28 

60 

60 

60 

60 


23 9+0 38 

24 5+0 61 
18 9+0 27 
17 8+0 31 
15 8+0 20 
13 8+0 25 


30 

30 

60 

60 

60 

60 


22 8+0 53 

23 0+0 57 
18 2+0 34 
17 0+0 20 
16 5+0 29 
14 8+0 21 


30 

30 

60 

60 

60 

60 


23 6+0 62 
23 8+0 58 
19 5+0 25 
17 9+0 29 
16 9+0 31 
14 7+0 24 


a 


3 61+0 40 
3 24+0 46 
2 41+0 22 
1 74+0 16 
1 96+0 18 

1 89+0 17 

2 09+0 27 

3 25+0 43 
2 12+0 19 
2 37+0 22 

1 54+0 14 
195+018 

2 80+0 37 

3 11+040 

2 65+0 24 

1 56+0 14 

2 28+0 21 
1 60 + 015 

3 40+0 44 
3 19+0 41 

1 96+0 18 

2 22+0 20 
2 40+0 22 
1 87+0 17 
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Table 

Xo of cells 

III the lateial geniculate body 

1 (conltmied) 

Lajer 

measured 

Mean 

a 

Projection area 

for the loicer homonj-mous quadrants of the peripheral hemi retinae 

Section A 

1 

30 

21 7+0 54 

2 98+0 38 

2 

IS 

22 8+ 0 61 

2 62+0 44 

(3+5) 

00 

17 5+0 22 

1 74+016 

(4 + 6) 

60 

16 8+0 22 

1 72+0 16 

Rpction E . . _ . 

1 

47 

21 3+0 47 

3 26+0 34 

2 

20 

23 5 +0 57 

3 07+0 40 

(3 + 5) 

00 

18 3+0 28 

2 18+0 20 

(4 + 0) 

00 

15 8+0 20 

1 53+0 14 

Section C 

1 

44 

20 4+0 40 

2 65+0 28 

2 

32 

21 2+0 55 

3 12+0 39 

(3 + 5) 

60 

17 8+0 24 

1 89+0 17 

(4 + 6) 

00 

15 4+019 

152+014 

Section D 

1 

22 

23 6+0 73 

3 43+0 73 

2 

38 

23 5+0 39 

2 39+0 27 

(3 + 5) 

60 

18 0+0 28 

2 17+0 20 

(4+6) 

00 

16 2+0 24 

1 88+017 

Projection area for the upper homon} moua quadrants 

of the penpheral hemi retinae 

Section A 

1 

20 

23 6+0 42 

1 92 + 0 30 

2 

20 

21 4+0 51 

2 27+0 36 

(3+5) 

40 

16 7+0 32 

2 01+0 22 

(4 + 6) 

60 

15 5+0 22 

1 67+0 15 

Section B 

1 

47 

23 4+0 47 

2 99+0 33 

2 

20 

23 7+0 54 

2 43+0 38 

(3+5) 

00 

17 9+0 28 

2 15+0 20 

(4 + 6) 

60 

161+025 

1 92+017 

Section C 

1 

40 

23 0 + 0 41 

2 60+0 29 

2 

20 

25 8+0 37 

1 64+0 26 

(3+5) 

60 

17 0+0 21 

1 02+015 

(4 + 6) 

60 

16 8+0 29 

2 27+0 21 


confirmed by the data presented m Table 1 It is seen that there is a decrease in the 
mean diameters of the cells m the ventro-dorsal direction from lamma 3 to 6 in 
all the sections studied Further analysis mdicates that the differences between 
the means of the cell diameters in the small-celled laminae 3-6 are, in practicalh all 
instances, statistically significant The fact that the cells decrease significantly in 
size in the ventro-dorsal direction is also e\ ident from the histograms of laminae 3-6 
in Text-fig 2 and from the smoothed frequencj pohgons m Text-fig 4 

As regards the results obtained m measuring the cells of the projection areas for 
the lover and upper homonymous quadrants of the peripheral hemi-retmae, the 
findings are similar to those in the central \nsion area m tliat there exists a size 
gradient in the small celled lajers (3-P5) and (4 + 6) There is a decrease m the 
mean diameters of the cells m the ventro dorsal direction from one lamma to the 
other (Table 1) The mean diameter of the cells m lamma (4 + 6) is significant!} 
smaller than that of the cells m lamina (3 + 5) in six out of the seven sections studied 
The histograms in Text-fig 3 and the smoothed frequenc\ poh gons in Text-fig 5 
illustrate this decrease in size vith reference to the projection area for the lover 
homonymous quadrants of the peripheral hemi-retinae 
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2 IS liaer ThaV’f diameter ot the cells m l„„,m„ 

stud X Hie diff “'y “ ““ 

.1 T e a between the means statistically significant (Table 1 et 

also Text-flgs 2 and 4) In considering the measurements m tlie prmeet'on me i 

for the lower homonymous quadrants ot the peripheral lieini-retinac it is eii.leiil 

rom Table 1 that the mean diameter of the cells in lamina 2 is larger than that of 

the cells m lamina 1 m tliree of the four sections studied This difTcrcncc is found 

to be at least tolerably significant (cf also Text-figs 3 and 5) In the jirojcction 

area for the upper homonymous quadrants of the peripheral hemi-retume the mean 

diameter of the cells in lamina 2 is found to be largei than that of the cells in lamina 1 

m two of the three sections studied, but in only one is the difierencc statisticallj 

significant It must be remembered that the laminar oigamzation of this icgion is 

not as uniform as m the projection area for the lower homonymous quadrants, and 

that the medial tubercle presents a limited and rather unsatisfactory area for 

making measurements If the data on cell diameters m the large-celled laminae of 

the central and peripheral nsion areas are viewed as a nliolc, it becomes apparent 

that they have failed to establish any clear-cut size gradient 

In considering the transition from the large-celled to the small-ccllcd laycis, that 
IS, the differ ence between laminae 2 and 3 m the central vision area and that between 
2 and (3 + 5) in the peripheral vision areas, it is evident that the mean cliamcttr of 
the cells in lamina 2 tends to be markedly larger in all the sections studied (Tabic 1) 
In all instances the differences between the means of laminae 2 and 3 or between 2 
and (3 + 5) are statistically significant 

An inspection of the histograms in Text-figs 2 and 3 and of the smoothed freqiienry 
polygons in Text-figs 4 and 5 clearly indicates that the several laminae differ m 
variability or dispersion of measurements The range of cell diameters nicasincd m 
the doisal laminae is definitely smaller than that in the ventral laminae 

An analysis of the results with reference to crossed and uncrossed laminae icadily 
shows the significant differences which exist in the central vision area bctivccn the 
mean diameters of the cells in layers 1 and 4 and layers 4 and G as veil as between 
the mean diameteis of the cells in layers 2 and 3 and layers 3 and 5 Similarly, 
significant differences exist between the means of the crossed and uncrossed layers 
of the peripheral vision area, that is, between layers 1 and (4 + G) as ncll ns betneen 
layers 2 and (3 + 5) Since in Text-figs 4 and 5 the frequency distribution cuncs 
tor the crossed laminae have been indicated by solid lines m contest to the clot cd 
lines for the uncrossed laminae, it can be seen at a glance t ii^ t le curt es or le 
crossed laminae are displaced towards the shorter diameters "-s d^^cteon s 
found m both central and peripheral vaiion areas and is especially ™ 

small-celled layers In Text-fig 4, although there is an 0 ve*ppmg of tlw ci , 
LG IS located more to the left than L5, L4 more o le ‘ ’ ’ 1,13 + 5 ) 

to the left than L2 In Text-flg 5, L(4-l-6) is located more to the U + )■ 

and LI more to tl,, „„.„us laminae of the central and 

If the means ot the cell , u ,5 found that the lainmac iiitli the 

peripheial vision areas are compared (Table 1), it is wuna 




Te-ct-fig 2 Frequencr of dnmeters 
of cells m laminae 1-6 in central 
vision area Abscissa diameter 
m fi(x 2) Ordinate percentage 
frequency 
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Te\t fig 3 Frequency of diameters of cells in lammao 1, 2, (3+5) and (4 +C) in the projection area for 
the lower homonymous quadrants of the peripheral homi retinae Abscissa diameter m /c ( x2) 
Ordinate percentage frequency 


central vision area are found to have a greater range of cell diameters The mean of 
the distribution of all cell diameters measured in each of the parent laminae of botii 
the peripheral vision areas lies between the means of the tivo daughter laminae 
Similarly, the median of the distribution of the cell diameters of each parent lamina 
lies between the medians of the distributions of the corresponding daughter laminae 
From a comparative point of view it is of special interest that a cell-si/c gradient 
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similar to that in the human geniculate nucleus is also present in the lateral geni- 
culate bod\ of the rhesus monkej (PI 2 and Table 2) 

Table 2 Means and standard deviations of diameters of cells in fi measured in 
different laminae of the central vision area in the lateral 
geniculate body of the rhesus monkey 


Layer 

No of cells 
measured 

Mean 

a 

1 

28 

23 5+0 47 

2 47+0 33 

2 

28 

24 53:0 65 

3 20+0 43 

a 

28 

176+040 

2 12+0 28 

4 

28 

15 3+0 36 

1 90+0 25 

5 

28 

14 9+0 30 

157+0 21 

0 

28 

14 5+0 37 

1 97+0 26 


DISCUSSION 

It has been suggested by several investigators, but principallj by iklalone (1932), 
that the functional specificity of nen e cells is related to their internal structure, 
their shape, and their si7e Malone has made an extensn e study of the fundamental 
types of nene cell structure He emphasizes the point that the cell bodies and 
dendrites ha^ e a higher metabolic rate and exhibit a greater variation in histological 
character than axons, and assumes that these features are associated inth a vide 
range of local activity radically different from that of the axons According to him, 
the size of the cell hod}" and dendntes is dependent on the aetivity of the neuron 
and the extent to v hich it reeen es stimuli He points out, for instance, that t}'pical 
correlating neurons have small cell bodies vith extensively branched axons and 
poorly dcN eloped dendrites and, furthermore, that the} are numerous and he close 
together in centres in v hich impulses diffuse v idely and do not enter into definite 
common paths in contrast to co ordinating centres containing relatively few neurons 
vith large cell bodies and v ell-de\ eloped dendntes In his opinion, the resistance 
to fatigue varies vith the size of the cell body, the small cell bodies of t}’pical corre- 
lating centres fatiguing more easily than large cell bodies 

The present study has established the existence of a size gradient m the central 
and peripheral Msion areas of the lateral geniculate body The measurements in- 
dicate that the range of cell diameters is smaller in the penpheral than in the central 
Msion area It has also been found that each of the la}ers (3 + 5) and (4 + 6), vhen 
traced to the central a ision irea, splits into tvo laminae and that the means (as well 
as the medians) of the frequency distributions of the two daughter laminae are 
larger or smaller than the mean (or median) of the parent lamina 

In speculating on the possible significance of these findings, the attempt niai be 
made to intcrjiret the acti% iti of the laminae as follows a lamina possesses a 
number of neurons comprisinga certain range of sizes and } lelding a tiqiical frequenci 
distribution These elements acting as a whole are capable of producing a certain 
ta pc of total actn iti The resultant actn it} of an} particular lamina w ill be chiefl} 
determined b} the actii it} of its middle range elements, but such actmt} w ill 
probabK be modulated b} the elements at the two extremes of the distribution 
The splitting of a particular lamina into two discrete laminae wall widen the range 
Anfttomj 8} no 
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spectrum (Chacko, 1948 b) As regards the optic radiation, Poh ak mentions that the 
calibre of the fibres ^ anes from fine to medium and coarse fibres 

If tlie assumjition is made that cell size is one of the morphological characteristics 
related to functional specificitj , cell-size gradients, such as exist in the geniculate 
bod} as n ell as in i arious la} ers of the retina, mav be thought to haA e some relation 
to functional gradients of various kinds Gasser and his collaborators ha\e, for 
instance, established an approximately linear relationship betu een the i elocit} of 
conduction and the diameter of ner\e axons (Gasser, 1941) As regards the %nsual 
system, it mediates responses to differences in radiation xar}'ing in luminous m- 
tensit> or in n ai e-length The responses made are frequentl} responses to stimuli 
of a graded cliaracter The organism must be able to fall back on mechanisms capable 
'of dealing uith stimuli lying in the same ‘dimension’, such as neutral colours con- 
stituting a brightness senes or the lariations in hue m certain portions of the 
spectrum Tlie question ma} be raised iihether cell size gradients or fibre gradients 
are related to or suggestne of mechanisms uhicli cope isith ^a^latlons in the 
‘ quantit} ’ or ‘ qualit} ’ of light The problem also arises u hether mechanisms, such 
as Granit’s modulators (1947) yielding narroii sensitmt} curies in different regions 
of the spectrum, hai e some counterpart in the anatomical organization of the lateral 
geniculate bodi Neither the histologcal nor the electroph} siologcal analysis has 
reached the point at iihich profitable hypotheses can be offered In the meantime, 
Hartridge (1948) is undoubted!}^ right m pointing out that Granit’s modulators form 
‘ 11 hat amounts to a poh cliromatic senes’ Further research inll be necessary to 
deterimnc iihether the serial character of the modulators is in some iia} related to 
size gradients or other morphological gradients in the visual sector of the central 
neri ous system 

I 11 ish to thank Prof Le Gros Clark for the facilities of lus department to carr} 
out this iiork and Prof Pleinrich Kluier for a critical discussion of the subject and 
for help in the preparation of the manuscript 
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EXPLANATION OP PLATES 

Plate 1 

Microphotograph of a section through the central vision area of the human lateral geniculate boih \ SO 

I 

Plate 2 

Microphotograph of a section through the small celled laminae of the central \ ision area in the lati r il 
geniculate body of the rhesus monkey x 80 
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THE DISTRIBUTION OF THE VASAL AND 
CREBIASTERIC ARTERIES TO THE TESTIS 
AND THEIR FUNCTIONAL DIPORTANCE 

B\ R G HARRISON 

From the Department of Human Anatomy, Umeersity of Oxford 

In a prev lous stud} of the \ asculanzation of the human testis (Harrison A Ba^cIa^ , 
1948) attention ■nas called to the distribution of the %asal (deferential) and cre- 
masteric arteries, and the manner of their anastomoses w ith the testicular arterj , 
and to the importance of these in relation to deliberate or inadvertent ligature of the 
testicular artery m surgical operations such as orchiopevj , hermorrhaph> and radical 
operation for varicocoele Although manj obsen'ers have noted the effects of 
ligature or division of the testicular artery in experimental animals, it has not been 
possible to find any reference in the literature to work considering these effects in 
relation to the site of the anastomoses which the testicular arterj makes VMth the 
v'asal and cremasteric arteries The present communication is concerned first vs ith an 
experimental study of the effects on the rat testis of interruption of the testicular 
arterj' at definite points before and after its anastomosis vs ith the vasal arterj and, 
secondly, the manner of anastomosis of the v'asal and cremasteric artenes vs itli the 
testicular artery in Man as demonstrated by artenographj Finallj , consideration is 
given to the application of the experimental results to the problems of ligature of the 
testicular artery in Man 

EXPERIMENTAL RESULTS OF LIGATURE OF THE 
TESTICULAR ARTERY 

Historical resume 

Cooper (1830) observ ed that div'ision of the testicular arterj' and v ein in a dog vs as 
follossed bj' gangrene of the testis Millet (1879) embolized the testicular arterj', or 
ligated the testicular arterj' alone, or the testicular arterj' and veins, or merelj' the 
testicular v ems, in the dog He observ'ed the effects on the testis for periods up to 
6 months, and found that anj' obstruction to the blood flow through the testicular 
arterj' led to a haemorrhagic infarct of the testis, as earlj' as 48 hr after interruption 
of the blood flow to the testis the cell content of the senuniferous tubules had coalesced 
to an almost homogeneous mass, and the interstitial tissue showed degenerative 
changes Miflet concluded that the testicular arterj' has for the testis the significance 
of an end-arterj in Cohnheim’s sense Enderlen (1896) claimed that a ligature left 
iroiind the sficrmatic cord in the dog for periods up to 16 lir caused no damage to 
the testis, periods longer than this led to atrophic changes Griffiths (1896) found 
that after ligature of the testicular arterj' alone m dogs the testis showed great 
decrease in size m a few daj s, due to rapid destruction from degenerativ e changes m 
the seminiferous tubules, at later periods, particularlj in one testis 3 montlis after 
operation, he found normal seminiferous tubules, which he concluded to be m process 
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commumcation again Giiffitlis assumed from these lesults that the geiminal epi- 
thelmm can recover from a temporary degeneration and resume spciniatogenes, s 
In experiments performed also on dogs, Capuiro (1902) claimed that thcic arc 
profuse anastomoses between the testicular and vasal arteries (fundamental arteries) 
and the cremasteric and external and internal pudendal arteries (accessorj arteiies) 
Even if all of these arteries are ligated on one side he claimed that an injection mass 
could pass to the testis by way of anastomoses with the other side Sclinw ^ Sloto- 
polsky (1924), in their monograph on the experimental pathology of tlic testis, 
describe several experiments made on guinea-pigs and labbits in vliich the tcsticiilai 
vessels were divided or compiessed by scar tissue high up m the abdominal casity 
following operations for the extirpation of the lumbar sympathetic chain, or vhcii 
these vessels were directlj'^ ligated or sectioned, hypoplasia, ‘regressive metanioi- 
phosis’, necrosis or atrophy always resulted They wain against the interpretation 
of results following ligature and not section of the testiculai vessels Section of the 
testicular aiteiy only, according to Wangensteen (1927), is always followed I)> 
diminution in size of the dog’s testis and scattered degenerative cliangcs m Hit 
tubules, spermatogenesis still continuing Ligature of the testicular artciy and all 
the veins m the pampiniform plexus always results in total destruction of tlic Icslis, 
the latter becoming transfoimed into fibrous tissue Ligature for 10 hi , and subse- 
quent release, of all the structures in the spermatic cord of dogs and rabbits pioduccs 
complete degeneration and fibiosis after 45 days, according to Iwasita (1900), Hus 
degeneration does not occur after only 5 lir compression 

In most of the above investigations no definite indication is given as to the exact 
point of ligature, oi section of the testicular vessels, in relation to the anastomoses 
which the artery makes with other vessels However, most observers are in agreement 
in finding that ligatme of the testicular artery and vein is followed by dcgenciativc 
changes in the testis The present investigation is concerned with an examination of 
the effects of inteiruption of the testicular artery in the rat m specific relation to Hie 
site of anastomoses which this artery makes with the vasal artery 

The vasculm pattern of the iat’s Ustis compaied xoith that of the dog 
Before undertaking an experimental study of the effects of interruption of the 
blood supply of the testis in the rat, it was necessary to examine by means of artci to 
graphy the vascular pattern and anastomotic connexions m the normal amnia 
A p^arlllel study was made of the vascularization of the dog’s testis for tlic reason 
2C L aheady .nd.oated, almost all the 

mtenuption of the blood supply of the teste have been earned out on 

•rhlorbismol’ (May and Baker Ltd ), a suspension of bismuth oyclilor 
5 ./“soluUsvas used as the rad, opa,ne medium 

,t.ot.nprefereneetocoUoidalb.smuth forwMe ailor ism^^ 

has partieles of a more or less umforn, form 

metalhe bismuth m 5 or 10% suspension have the tcndenc, a,gr . 
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a suspension containing particles of unequal size and as much as 28// in diameter 
Hence, nhile both of these injection media mil display on]\ channels which are 
presumably functional and greater than capillary size, there is a tendenc\ for 
colloidal bismuth not to fill certain channels due to blockage mth the larger-sized 
particles ‘Chlorbismol’, however, mil fill the whole aascular bed of an organ, 
excluding ^eIns and capillaries, quite e\enlj when injected through its arter%, and 
display subsequent!} a a er}’’ clear radiograph All radiography a\ as done on 
‘Kodaline’ (Kodak nitrate) slow film using a micro-radiographj apparatus (B irelaa , 
1947) 

The arterial supply of the rat’s testis, as demonstrated bj radiograph} after the 
injection of ‘Chlorbismol’ into the thoracic aorta, is shown m PI 1, fig 1 The 
testicular artery imdergoes cona olutions before reaching the testis and first gn es 
off a branch to the fatt} bod} , the epidid}anis is vascularized either b} taao separate 
branches for caput and cauda epidid}Tnidis, or, as m PI 1, fig 1, b} a single stem 
which divides into these two branches These two vessels alwa}S anastomose b} 
a junctional vessel running along the body of the epidid} mis, and the branch to the 
cauda epidid\ midis anastomoses with the vasal artery The a asal arter} ma} be seen 
in PI 1, fig 1, to gn'c off a small tortuous a’-essel aahich passes on to the scrotum into 
the territor\ of termination of the cremasteric artery Neither ba close examination 
of the radiographs nor b} dissection, hoaaea'er, could tliere be demonstrated any 
contmuit} of the injection mass in the a'asal and cremasteric artenes After gia mg 
off its branches to the epidid}Tnis the testicular artery appears to be an end-arter} , 
and, after curaung around the inferior pole of the testis, cona^olutes before passing into 
the testis near its superior pole Once inside the testis this arter} gia es off its first 
branches to the testis parenchyma in its course towards the inferior pole, m this part 
of its course the artery is lying near the epidid}Tnal border of the testis In no testis 
out of more than thirty examined was the cremasteric arter}^ filled by retrograde 
injection after injecting ‘Chlorbismol’ through the testicular artera’’ 

The appearance of the arterial supply of the dog’s testis, as seen by radiograph 
after the injection of ‘Chlorbismol’ m six testes at a pressure of approximately 
100 mm rnercur}', IS shown in PI 1, fig 2 On approaching the testis, the testicular 
arter} forms a number of cona olutions Before doing so, hoarea^er, the arter} gia es 
off a branch aahich amscularizes the caput epidid} midis A further branch to tlie 
cauda cpididymidis is giaen olf from the conaoluted part of the testicular arter}, 
which passes along the length of the epidid}Tnis to the cauda and here anastomoses 
w ith the a asal artery There are no anastomoses beta\ een the testicular arter}’’ at the 
inferior pole of the testis and tlic a’-essels on the cauda epidid} midis, so that the 
testicular artera , after gia mg off its branch to the cauda is an end-artery as far as 
the testis is concerned The cremasteric arter} is not filled ba' retrograde injection 
like the a asal artery, and its communication aaitli the epidid} mo-a asal anastomosis 
can, therefore, onla be b} means of capillaries This has been found to be the case b} 
loranson, Emmel A Pilka (1929), aaho, hoaieaer, claimed that there is a aa ell-marked 
anastomosis between the testicular artery at the inferior pole of the testis and the 
a asal artera This has not been found in the testes examined in this in\ estigation 

The testes of the dog and rat are therefore essentialla similar in their aasculanza- 
tion in relation to anastomoses The dog and rat are not the onla mamm ds m which 
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Fifty^ix mature male albino rats, weighing 109-303 g , were used for this investi- 
gation Those rats whose testes were examined histologically are described in Tabic 1 
It can be seen from this table that well-cireumscnbed operations v ere performed on 
tlie animals In one group a segment of ^ m of both testicular aitery and vein was 
removed between ligatures in the abdomen In another group ^ m of the abdominal 
course of the testicular artery only was removed In a third group a ] in segment 
of the testicular artery, together with the veins of the pampiniform plexus, nns 
removed distal to the point at which the testicular arteiy gives off its epididj'inal 
branches, taking care in the operation to avoid any damage to the braiieli to the 
cauda epididjmiidis In a fourth group the testicular artery only vas ligated vith 
fine nylon thread either at a point on the posterior border of the testis or on the 
anterior border of the testis just after the artery has passed around the infciior pole, 
in these situations the artery is running on the deep aspect of the tunica albuginea 
free from veins, since the testicular veins congregate to a point on the postcro- 
supeiior aspect of the testis to form the pampimfoim plexus A senes of five rats 
was subjected to interruption of the testicular veins only in the abdomen, and m 
three rats the artery and vein of the vas were mteriupted, carefully avoiding 
damage to the vas itself Since Joranson, et al (1929) hypothesized, from injection 
experiments, that increased intratesticular tension, due to the unyielding tunica 
albuginea, may be an important factor in the produetion of testicular atrophy 
following ligation of the testicular vessels, m two furthei rats the artery and vein 
were interrupted m the abdomen, while at the same time the tunica albuginea was 
incised bilaterally 

In all cases the operation on the testicular vessels was performed unilaterally m 
ordei to leave the contralateral testis for histological examination as a control 
Those animals not described in Table 1, and not examined histologicallj , were used 
for investigating the effectiveness of the interruption of the vessels, and any possible 
post-operative vascular changes, by arteriographic methods 


Rcs'lll'ts 

The results obtained from these experiments are displayed in Table 1 on’) 
remains to summarize and correlate the changes described On 
of the interstitium seem to be more sensitive to vascular changes < g 

cases the mterst.t.al cells are degenerated wlnlc the tub. « con.an, . f a 
nonnal germ cells (eg rats nos 723 and 724) The nrore mature gem erfK also 

to be more sensitive to vascular changes than the sperma ogonia e 
described by Schmz & Slotopolsky (1924) 
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The histological changes follow mg interruption in the abdomen of the testicular 
arten and vein, or the testicular artery only, occur much less rapidly than after 
interruption of the artery and lein bcAond the anastomosis, or interruption of the 
arterj' on the testis This is reflected in the size of the testis (Table 1, and PI 1, 
figs 3, 4) and also by the weight of the organ Thus in rat no 700 (body weight at 
death 149 g ), m which the arter}'^ and vein were interrupted in the abdomen, the 
weight of the operated testis after 3 weeks was 475 mg (contralateral testis 1065 mg ), 
w hile m rat no 682 (bod}’’ w eight at death 150 g ), in w hich the arterj and i ein w ere 
interrupted beyond the anastomosis of the testicular with the lasal arterj, the 
w eight of the testis was onlj 302 mg (contralateral testis 1035 mg ) Similarlj , in 
rats nos 701 and 681, in which the bodj weight at death of the former was less than 
tliat of the latter (173 as against 221 g ) the weight of the operated testis in rat no 701 
was 415 mg (contralateral testis 1365 mg ), and that in rat no 681, 386 rag (contra- 
lateral testis 1434 mg ), while in rat no 690 (body weight at death 217 g ), in which 
the artery was ligated on the testis, the weight of the operated testis was 390 mg 
(contralateral testis 1363 mg ) It should be noted m this connexion that the testis 
of a rat m w Inch the testicular artery and a cm are ligated in the abdomen maj undergo 
a preliminary increase in size as the result of \ascular congestion (rats nos 721 and 
722, Table 1), this does not occur when the lessels are interrupted bejond the 
anastomosis with the aasal artery (rats nos 702, 703, 723 and 724, Table 1) The 
histological picture in the operated testes of rats after the same post-operatu e time 
interval, show s that, w hile in rats nos 681, 682 and 690 there w as complete degenera- 
tion of interstitial tissue and all germ cells in the seminiferous tubules, in rats nos 700 
and 701 there was still some interstitial tissue presfent, although show ing fibrosis, and 
in rat no 700 there were eien some tubules containing germ cells up to secondarj 
spermatocytes 

These differences m speed of degeneration are also obi lous at later time periods 
While, at 7 weeks after operation, the operated testes m rats nos 102 and 104, in 
which the artery was ligated on the testis, showed complete replacement bj' fibrous 
tissue, in the operated testis of rat no 706, in which the arterj and i ein were ligated 
m the abdomen 7 weeks prenouslj', there were some normal seminiferous tubules 
This last testis is actuallj' the onlj one in the present ini estigation w Inch displaj'cd 
normal seminiferous tubules at anv time longer than 4 daj s after interruption of the 
testicular arterj at anj point in its course, and it is important to consider whether 
these normal tubules haie regenerated or persisted unchanged Fiie weeks after 
abdominal interruption of the testicular i essels the testis is markcdlj degenerated, 
either the tubules are filled with a mass of eosinophilic substance (rat no 701) or, 
although containing germ cell elements (rat no 700), these elements appear degene- 
rate and haic been desquamated from the walls of the tubules It is difficult to 
COI1CC11 c of such tubules regenerating a normal structure, and it appears more likeh 
that the normal seminiferous tubules in rat no TOO hai e persisted unchanged or 
hai c regenerated after onlj a partial or minor degree of degeneration These obsen a- 
tions are sujiported bj the fact that m rats nos 700 and 705 the tubules show ing the 
least degeneratn c changes are those situated along the epididjunal border of the 
testis and that the testicular arterj , on becoming intratesticular, passes through the 
length of the testis towards its inferior pole near the epididjmal border of the testis 



Table 1 Summary of the ammals used and results obta^nedfrom division of the testicular vessels 
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testicular artery Only those seminiferous tubules m the immediate iiLhL, ) ^ 

o t le intratesticular part of the artery are therefore likely to receive nounshnicuTif 

e blood supply to the testis through the vasal artery, by way of the tcnmnnl 
pathAvay of the testicular altery, is less efficient than the normal supph There is 
some evidence that this is the case, since only one testis in eight after a post-operatn e 
period of 4 days or more following interruption of the testicular vessels m the 
abdomen shows any normal seminiferous tubules 

The above findings indicate that the vasal artery m the rat is of some importauec 
in the blood supply of the testis, since the pathological changes following inteiriiption 
of the testicular artery are less severe when the vasal artery is still able to contribute 
blood to the testis The testicular artery, after giving ofi its epididymal brandies, is 
an end-artery, and its interruption m this situation is followed by rapid degcncrnl u c 
changes Ligature of the artery on the anterior or posterior bordei of the testis seems 
to make little difference in the speed and ultimate outcome of the degcncratu c 
changes, as shown particularly by lats nos 102 and 104 This is not siirpiising in i len 
of the fact that the cremasteric artery is only connected with the vasal artery by naj 
of capillaiies (as shown by micro-arteriography after the injection of thoiotrast into 
the thoiacic aorta of sik rats) across the Iigamentum inguinale, and that no c\ idcnce 
has been found, in the rat, of any vessel larger than capillary size tra\eising the 
Iigamentum testis * 

There are two predominant histological pictures m the seminiferous tubules 
following interruption of the testiculai artery In one the nuclei arc seen to undeigo 
pyknosis or karyolysis and to disappear eventually leaving the seminiferous tubules 
filled with a mass of eosinophilic substance, i e a process of hyaline degcneiatioii 
(PI 1, fig 5) In the other the picture is one of degeneration with replncemcnt 
fibrosis These two processes seem to have no definite relation to the ojicratnc 
procedure Thus replacement fibrosis is the end result of ligature of the ai teiy on ilic 
testis in rats nos 102 and 104, but it also occurs m i at no 706 (PI 2, fig l)inwhit!i 
the aitery and vein were interrupted in the abdomen 

Adhesions of the tunica 'hlbugmea to sciotum and epididymis are more eoininon in 
the cases in which the artery is ligated on the testis In these cases the testis vas 
necessarily handled in the operative piocedure, this being unnecessary in other 
operations, except m the animals in which the tunica albuginea was incised Whenes er 
adhesions are found attaching scrotum to tunica albuginea there is an ingrovtli of 
capillaiies into the testis, as evidenced by the blueing of the testis following injection 
of methylene blue solution into the aorta This was demonstrated in expcrimciita 
animals m which adhesions occurred after ligation of the arteiy on tlie testis, and llic 

Iigamentum testis remained unstained in such cases ^ 

The course of the degenerative changes following interruption of he c a 

Ltis that part between the cauda epdidymid.B and inferior polo of the 
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spermatogenesis is more likelj to continue after interruption of the arter\ alone than 
after interruption of the artery and vein, as claimed for the dog b^ Wangensteen 
(1927) This maj’’ be explained by the fact that, in the rat, onh a proportion of the 
\enous blood from the testis is returned through the testicular a eins, a considerable 
fraction passes directly into the iliac aein by uay of a short uide channel This 
a enous connexion maj also explain a\ ha , in the fia e rats in aaluch the testicular a eins 
only a\ere interrupted in the abdomen, there is no diminution in size of the affected 
testes, and no histological changes up to 4 aaeeks after operation Unfortunatela , it 
IS difficult to interrupt all venous drainage from the testis in the rat, since it is almost 
impossible to section all the a eins of the pampmiform plexus aaithout damaging also 
the testicular arterj’’ Section of the a asal a essels alone, up to 4 aa eeks after operation, 
produces no changes in the testis Bilateral incision of the tunica albuginea does not 
appear to exert any faamurable influence on the course of the changes following 
interruption of the testicular a^essels, as shoaa-n by rats nos 725 and 726 

In all cases the tubules of the contralateral testes shoaa histological eandence of 
perfectly normal spermatogenesis Examination by arteriographj of the vasculariza- 
tion of tho testes after the operations used in this ini estigation displaj s the complete 
effectneness of the operative procedures Although there is some dilatation of the 
vasal arterj after the interruption of the blood lion tlirough the testicular arterj , the 
degree of this dilatation is variable Wiereas, m some cases the diameter of the x asal 
artery (as measured on radiographs) is little greater than normal (one-half the 
diameter of the testicular arterj^), m other cases the diameter became equal to that of 
the testicular artery The degree of dilatation tends to be greater in those cases in 
n Inch the testicular arterj' and vein have been interrupted in the abdomen 

THE ANASTOMOSIS OF THE CREMASTERIC AND VASAL ARTERIES 
WITH THE TESIICULAR ARTERY IN THE HUMAN TESTIS 

Practically all the previous n ork on the effect of ligature of the testicular x essels in 
experimental animals x\as performed on dogs, since it x\as assumed that the blood 
supplx" of the testis and epidid) mis in this animal is similar to that in Man, and that 
the results obtained from these experiments are therefore applicable to the human 
testis (see Neuhof A Mencher, 1940) In fact, honexer, there are marked differences 
in the manner of anastomosis of the testicular arterj x\ith other x'essels, as xxill be 
apparent from the follow mg account 

Most workers x\ho haxe made obscrxations on the testicular arterx m Man haxe 
commented on the cremasteric and x asal arteries (see Harrison A Barclax , 1948, for 
references), but it was not until the obserx'ations of Picqud iSL IVorms (1900) that the 
extent and xariabihtj of the anastomosis of these x'essels with the testicular artery 
were realized The inx estigations of these tx\o xvorkers followed the claim bj Jlignon 
(1902) (also, howexer, made bx Bex an, 1903) that, in order to ensure placement of 
an undescended testis into the scrotum, section of all the x essels m the spermatic 
cord except those accompanj mg the x^as is often iiecessarj As i result of their 
obserx ations, Picqud A Worms (1909) described the only communication of the x asal 
arterx with the testicular arterx as occurring by wax of the epididjnial branch of the 
1 liter, the cremasteric arterx xxas found to anastomose xxith the other txxo x essels in 
all of twentx-four specimens examined, in four cases directlx witii the testicul ir 
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artM-ir 4-1 1-1 ^ cremasteric and vasal arteries vith the testicular 

arteiy, and the possible functional value of these anastomoses 

Maiet lal and methods 

Twenty-four freshpost-mortemhuman testes fromthirteenmdividualsuereuse 

the investigation The ages of the subjects from which these specimens verc obtained 
ranged from 21 to 75 years The vasal artery was injected in all cases vitli ‘Chlor- 
bismol in 15 % suspension at a pressure of about 100 mm of mercury, in order that 
the results obtained may be directly comparable Radiography was done as in the 
experiments on the rat testis Dissection was also used on the injected specimens, 
and diameters of vessels were measured to the nearest 0 1 mm on the radiographs 
by taking the average of the values at ten points selected at random along the course 
of the vessels As in the experiments on the rat testis, ‘ Chlorbismol ’ will onl}' displaj 
functional channels of greater than capillary size 


Results 


It was soon realized that there are vaiiations in the manner of anastomosis of the 
three vessels supplying the testis In every case the type of anastomosis already 
described m the dog and rat, namely an anastomosis of the vasal artery uith the 
testicular artery by way of the epididymal blanch of the latter, is piescnt But in 
all of the testes an additional anastomosis is also seen, in which the vasal artcr\ 
anastomoses -with the testicular aitery directly at the inferior pole of the iestis, 
without the intermediation of any epididymal bianch of the testicular artery The 
manner of this anastomosis varies In fifteen out of the twenty-four testes the 
anastomosis takes place by means of a large vessel (about 0 5 mm in diameter) 
which anastomoses diiectly with one of the major branches of the testicular artery 
by passing across from the cauda epididymidis to the inferior pole of the testis (PI 2, 
fig 2) In the other nine testes the anastomosis is effected by several smaller I'cssels 
in this situation nhicli pass into the testis to anastomose with some of the finer 
intra-testicular branches of the testicular artery (PI 2, fig 3), or the testicular artery 
itself, as it IS lying on the deep aspect of the tunica albuginea at the inferior pole of 

the testis (PI 2, fig 4) In this respect the vascularization of the human testis differs 

from that of the testes of the dog and rat, which possess no large vascular channels 


connecting cauda epididymidis with the inferior pole of the testis 

Owintr to the two t>^es of anastomosis just described betiieen the vas.d and 
testicular arteries, injection of the former gives rise to retrograde filling of the lat er 
However, filling of the cremasteric artery after injection of the vasal “^currcc in 
only seventeen out of the twenty-four testes The anastomoses ^ 

retrograde injection of the cremasteric artery, are very comp cx " 
fPl 2 fiffs 2 3) In all cases the cremasteric artery anastomoses direcllj or 

directly with the epididymo-vasal system of vessels, I^it 

by the cremasteric artery anastomosing primarilj w 

epididymidis which then join with the epid.dymo-vasal system at 
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epidichmdis This latter anastomosis was effected in four out of the six cases 
b\ a slightly tortuous ^ essel running along the bod\ of the epidid%'mis and seeming 
to be in direet continuity iMth the cremasteric arter} 

The diameter* of the testieular artery, as measured on the radiographs, % aries but 
little, the smallest diameter obser\ ed being 0 7 mm and the largest 1 1 mm (a^ erage 
0 9 mm ) The diameters of the \ asal and cremasteric arteries, how ever, varj w ithin 
wide limits Thus the smallest diameter of the %asal and cremasterie arteries is 
0 1 mm , the largest diameters being 1 0 and 0 7 mm respectn ely The s asal arterj' 
maj be a mere thread-like r essel (PI 2, fig 4) or a r essel of proportionateh large 
calibre (PI 2, fig 3), while, as has already been noted, the cremasteric artery maj fail 
to enter into functional anastomosis w ith the other tw o i essels It is also interesting 
to note that the sum of the diameters of the \ asal and cremasteric arteries is at least 
equal to the diameter of the testicular arterj' in eight out of tw ent} -four cases in this 
mr estigatioii, while in two cases the rasal arterj alone has a diameter equal to that 
of the testicular arterj' 


DISCUSSION 

There is no unammitj' in the literature concerning the effects of dn ision of the testi- 
cular 1 essels in Man Mignon (1902) adrocated the section of all blood-vessels in the 
spermatic cord, except those accompanying the vas, in order to obtain fixation of the 
testis in the scrotum in the operation of orchiopexj , asserting that m undescended 
testes the vas is no shorter than normal but the i essels are alwa\s \ery small and 
form a shortened and mextensible cord Lucas-Championniere (1902), and Sebileau 
(1902) claimed, however, that the three cases which Mignon had presented to 
demonstrate this operation all showed atrophy of the testis Colles (quoted bj 
Moty, 1902) had previously described the anastomosis between testicular, vasal and 
cremasteric arteries as being absent in 7 % of cases Bevan (1903) concluded that all 
■vessels in the cord, except those accompanjing the vas, could be safelj sacrificed in 
operitions for raricocoele Corner X Nitch (1906), in a follow-up of 100 cases of high 
operation for raricocoele in which a 2 m segment of the pampiniform plexus is 
removed, observed changes in the consistency of the testis suggesting fibrosis in 
90% of cases No histological observations were, however, made in this investiga- 
tion Wells (1948) has pointed out that the testicular arterj lies in close relationship 
to the veins and is likelj to be injured if the operation for v'aricocoele is done care- 
lesslj , he states that the results of Corner <k Nitch (1906) are probablv due to the 
inclusion of the testicular arterj m the ligatures, that the operation as commonlj' 
described is carried out in such a wav as to sacrifice the testicular arterj' dcliberatelj 
III the mass div ision of the pampiniform plexus, and that subsequent atrophj of the 
testis IS no cause for wonder 

Mixter (1924), 111 describing his operation for undescendcd testis in children, 
tlainis tint III 10% of all cases (particularlj in the intra-abdommal v irietics of 
undescendcd testis) the testicular vessels must be sectioned, atrophj' of the testis 
then occurs in 83% of cases Atrophv' maj also ensue when the testicular vessels 

* In order to dimmish distortion of vessel diameter on the radiograph to negligible proportions a tube 
filament film distance of 24 in vi as chosen Since the important measurements here are relatn e le the 
conipanson of the diameters of the v essels the degree of distortion being constant, is not important 
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Bwdick & Higmbotham (1935) ha^e divided the spermatic cord in 200 cases as an 
cold at^trem” selected types of inguinal hernia A ligature is placed about the 
scrotum through the internal ring and a second one as it enters the 

+1.^. . 1 tissue being excised It is not specifically stated nhctlicr 

^asa ar ery is included m the ligature, and it must only be presumed that the 
cremasteric artery is left intact They record clinical atrophy of the testis in onlj 
twenty-tivo out of seventy-nme cases, although a fairly common obscivation nas 
post-operative swelling of the testis These results may be criticized on the grounds 
t lat no observations were made on the state of spermatogenesis in the operated testes 
by semen analysis or histological examination by testicular biopsy Testes rccordcfl as 
being normal in size need not necessarily display active spermatogenesis, and it may 
be difficult fiom clinical examination alone to determine whether the seminiferous 
tubules are normal It is significant that all cases in ivliich the cord was divided 
bilaterally showed normal-sized testes on both sides Neuhof & IMcnchei (1940) 
similaily used complete severance of the spermatic cord (including severance of the 
vas deferens and its artery) to achieve effective hermoplastic closure m selected 
cases , the operation is performed in the inguinal canal They found clinical atropliy 
of the testis in eight out of nineteen cases In one case the operated testis vas 
examined histologically, and although ‘all stages of spermatogenesis’ were evident 
in some of the seminiferous tubules, they admit of some abnormality in the trans- 
formation of spermatids into spermatozoa, and they describe only a few tubules of 
the epididymis as containing spermatozoa, which had rounded heads and no tails 
In absence of further, more definite, observations by semen analysis oi testicular 
biopsy it IS therefore difficult to accept unequivocally their conclusion that the 
human testis is only insignificantly alteied following complete division of the cord 

There is, therefore, some lack of agreement as to the effect of section of the testicular 
vessels On the one hand, authorities such as Bailey (1936) claim that ‘once the 
spermatic vessels are damaged seriously, atrophy of the body of the testis follows as 
surely as night follows day’, while on the other, some surgeons (Neuhof & Mcnclicr, 
1940) claim atiophy m no more than 50% of cases after complete severance of the 
cord On the lesults of the present investigation several possible explanations ol 
these discrepancies can be made 

Most obseivers are in agreement that when the testicular *vcssels supplying a 
mal-descended testis are damaged atrophy of the testis ensues But tlic vessels 
supplying such a testis are reported as being far from normal, several 
(e g Mignon, 1902) have recorded them as being very small, while Stacninilcr ( - ) 

has described a hypoplasia of the testicular artery supplying the iindcseciK cd testis, 
with mtiinal proliferation and hyaline degeneration of the walls of its smaller branch , 
a condition which he believes (probably erroneously) to be primarily 
the testicular maldevelopment Since most operations ^ 

carried out on young individuals, another factor to be ^ " 

comparative immaturity and poorer anastomotic connexions of , 

tion This was demonstrated by injection of the testicular ar ery ^ ^ 

m the testes of two boys, aged 8 and 10 years In the former only the ^asal artcrj 
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as filled hv retrograde injection through two small anastomotic channels on the bodj 
of the epididjnnis In the latter neither the i asal nor cremasteric arteries was filled, 
the epididymis being profusely vascularized the testicular arter\ It can therefore 
be conceded that any damage to the testicular \ essels during orchiopexj maj lead to 
alrophic changes in the majority of eases, particularly since the testis has been in an 
adi erse environment (see Jloore, 1926) before operation The results accruing from 
section of the testicular arterj’^ in such cases consequently should not be applied to 
herniorrhaphy and varicocoele operations m adults, since the testicular circulat’on 
in healthj’’ adult men is composed of an efficient arterial anastomotic system in about 
one-third of all cases In such cases, m any operation in which onlj’^ the testicular 
arter}"^ is damaged there is a likelihood that the cremasteric and vasal arteries could 
take over its function in the presence of an efficient venous drainage If, ho'ne\er, 
both the testicular and vasal arteries are sectioned, the only remaining arterial 
supply to the testis is through the cremasteric arterj% since no case has been found in 
the present investigation in n hich there is an arterial or arteriolar connevion betn een 
the testicular arterj’ and the pudendal vessels The cremasteric artery in Man is 
a most variable vessel (functionally probably less efficient than the vasal arterj’’ in 
the rat), as shown, for example, by the complete absence of important anastomotic 
connexion mth the testicular and vasal arteries in about one-third of cases, and it is 
therefore difficult to envisage this artery alone maintaimng an adequate testicular 
circulation It also follows that, in the radical operation for vancocoele, there will 
be a greater possibility of sun ival of the testis if the operation is performed in the 
inguinal canal than if it is earned out belon the external ring, in the case of mad- 
\ ertent damage to arteries (always pronding that the vas and its vessels are avoided) 
the danger of interruption of the testicular artery n ould be greater below the external 
ring In this position the testicular veins ha\e a more complicated arrangement than 
in the inguinal canal, the nearer the testis the more ^olumlnous the pampiniform 
plexus, and since the testicular artery is always ensheathed by the veins of pampini- 
form plexus there is greater difficulty in isolating this vessel near the testis The venous 
drainage, although of less importance due to the greater profusion of anastomotic 
connexions, must also be considered Javert & Clark (1944) maintain that the 
optimum point of ligation of the testicular veins in operations for varicocoele is at 
the internal abdominal ring, nhich, nhile ehminatmg the static column of blood 
does not impair the collateral circulation through the cremasteric and vasal veins 
The venous circulation tlirough altematn'e channels to the testicular % eins has already 
been noted as of no small importance m the rat 

Finally, it is not \ahd to apply unconditionally the results of animal experiments 
to the problems resulting from ligation of the testicular vessels in Man Animal 
experiments can only gne some indication of the pathological processes in\ohed 
It has been seen that the vasal arter}”^ which, in the rat, is only one-half the diameter 
of the testieiilar arterj , ean play a small part in the delay (and occasionallj partial 
circumvention) of degeneratn e processes In Man, how ei er, the vasal artery is much 
larger, proportionately, than its counterpart in the rat, has more efiicient anastomotic 
connexions with the testicular artenx and has the assistance of the cremasteric 
arterj in some cases in the nourishment of the testis The results of di\ ision of the 
testicular arter\ must therefore be lerj different in Man and other mammals It 
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«^tcrv ,n Man ( U 

.fLlTf- the majority of mammals bN bcm. almost 

stzaight in Its course to the testis ‘ “ 


The results of incision of the albuginea when the testicular vessels aic mtcrruntcd 
do not seem to be encouraging m the rat The claim by Baker & Evo^ (10^2) that 
decompression ’ of the human testis, by incising the albuginea m one case of painless 
enlargement following herniorrhaphy, produced ‘no discernible abnormality ol the 
involved testicle’, in contrast to a similar, untreated case, must therefore avail 
histological confirmation 


Once the testicular artery or its branches have passed into the testis, on the deep 
aspect of the tunica albuginea, such vessels are functionally end-arteries after tlie 
anastomosis at the inferior pole of the testis Consequently, the conclusion (Harrison 
& Barclay, 1948) that great care must be exercised to avoid ligaturing the testicular 
artery in its superficial position under the tunica albuginea m the surgical treatment 
of cryptorchids, still obtains 


SUMMARY 


1 The degenerative processes resulting from interruption of the testicular artei \ 
at various points in relation to its anastomotic connexions have been examined m 
the rat The results indicate that the vasal artery in the rat is of some importance 
for the blood supply of the testis, since the degenerative changes follov mg mterrii])- 
tion of the testicular artery are less severe when this artery is still able to contribute 
blood to the testis^ 

2 The vasculaiization of the testis in the dog and rat differs fiom that in Man 
m that a direct anastomosis of the testicular artery with the vasal and cremasteric 
arteries is absent Unconditional application of the results of division of the testiculai 
vessels in experimental animals to Man is therefore not valid 

3 Examination by arteriographic methods of the vascularization of the human 
testis demonstrates that the sum of the diameters of the cremasteric and vas.il 
arteries is at least equal to the diameter of the testicular artery in onc-third of all 
cases examined In approximately one-third of cases the cremasteric artery does not 
enter into functional anastomotic connexion with the testicular and vasal arteries 

4 The importance of these obsers^ations for the results of division of the testiculai 
artery in Man is discussed, and several possible explanations of the discrepancies in 
the literature concerning the effects of ligature of the testicular artery m Man arc 


proposed 

I am indebted to the late Dr A E Barclay, and Dr G S Dawes for permitting 
the use of the micro-iadiography apparatus at the Nuffield Institute 

Research I also wish to thank Mr L G Cooper for his technical assistance May and 

Baker Ltd , kindly supplied all the ‘ Chlorbismol’ used 
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EXPLANATION OF PLATES 


-j, Plate 1 

:sErr“F“ 

nd this anastomosis sends o£F a smaU branch on to the scrotum mto the territory of terrainil distnbu 
^ cremasteno artery, not, however, forming a functional anastomosis with it 
Pig 2 The arterial supply of the dog’s testis as visualized by radiography after the injection of ‘Cl.lor 
bismol through the testicular artery Natural size t a , testicular artery, r a , rasal artery The 
testicular artery convolutes before reachmg the testis, and its branch to the cauda epididMinihs 

anastomoses ivith the vasal artei^' There are no vessels passing from cauda opididjuiiidis to inferior 
pole of testis 


Fig 3 The appearance of operated (on left) and unoperated (on right) testes 4 weeks after mtcrriiption 
of the testicular artery and vem m the abdomen ( x ^ ) 

Fig 4 The appearance of operated (on left) and imoperated (on right) testes 4 necks after ligature of the 
testicular artery on the posterior border of the testis Note that the epididymis on tiio operated side 
IS normal m size (x^) 

Fig 6 Photoimcrograph of the seminiferous tubules in the testis of a rat (G83) in uhich the testicular 
artery and vein were interrupted after the anastomosis with the vasal artery 6 necks pronoiisl} Tlic 
interstitial tissue is degenerate, and there is pronounced hyahne degeneration of the conttiits of the 
tubules, no germ cell elements persistmg { x 112 ) 


Plate 2 


Fig 1 Photomicrograph of the testis of a rat (706) in which the testicular artery and v cm were interrupted 
in the abdomen 7 weeks previously The figure shows an area in that part of tlio testis in nhich there 
is considerable fibrosis with some infiltration of leucocytes and macrophages Only a fon dogoncrato 
tubules remam, m one of the tubules a polynuclear giant cell may be seen ( x 80 ) 

Fig 2 Radiograph of the left testis and spermatic cord from a man aged 71 after the injection of 
‘Chlorbismol’ mto the vasal artery {va) This artery enters mto anastomosis mth epididjiiial 
branches of the testicular artery (< a ) and also directly with the testicular artery towards tlio inferior 
pole of the testis The cremasteno artery (c a ) is also mjected Natural size 
Fig 3 Radiograph of the right testis and spermatic cord from a man aged 58 after the injection of 
‘ Chlorbismol’ mto the vasal artery (v o ) The cremasteno artery (c a ) is clearly seen The anastomosis 
formed by the vasal artery and epvdidymal branches of the testicular artery (f a } sends off sovoral 
small vessels into the testis to anastomose with the finer mtratesticiilar branches of the testicular 
artery The arrows point to the anastomoses made by the cremasteric artery v, ith the other tv o \ csscls 
A branch is given oft from the cremasteric artery which, at the upper arroiv, is seen to send oft a side 
branch to the epididymo vasal anastomosis, and then pass on to anastomose nitli the \nsal and 
testicular arteries directly The termmal branches of the cremasteric artery pass to the cauda 
epididymidis and here (at the lower arrow) are seen to join rvith the epididymo vasal anastomosis 


Natural size , r. , r 

4 Radiograph of the left testis and spermatic cord from a man aged 75 after the injection o 

‘Chlorbismol’ jnto the vasal artery {v a) which is seen here to have divided into two vessels o 
smaller diameter The cremasteric artery (e a ) is a veiy small v essel The cpi^d^o vasal anastomosis 
forms a complex network of small vessels at the cauda epididymi^s, from which a few 
across to the inferior pole of the testis to anastomose directly with one of the branches of the 


artery {i a ) Natural size 
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Revieivs 


for irn] n anatomical atlas must remain largelj a matter of personal iircjiidKe 

probably no t^vo opinions im 11 agree as to optimum scope of content The present all is 
appears uneven m this particular, for some structures of the chosen region recene a treat - 

ShS ^ bestowed upon others of equal importanee Tims four l.gun s 

(1 igs 90-99) are devoted to enlarged reproductions of the auditory ossicles (uithout tliar 
associated hgamentous or vascular apparatus), yet the tympanum itself is accorded a less 
liberal attention The thjToid gland receives no particularly detailed trcatnicnl, whilst the 
parathjTOids are altogether onutted, and the utility of four cerebellar figures in a work of 
this nature seems questionable 

Anatomical blemishes appear to be few We note, however, that in Fig 6 the ala nasi is 
not innervated by the maxillar}' nerve, wdiile the aurieulo-temporal nerve supplies q \ cnniu h 
of the skin of the pinna The jugular Ij'-mph trunks and the submental lymph glands arc 
nowhere figured An obvious socia parotidis is wanting in Pig 18 The superficial S^hlall 
vein IS depicted (Fig 31), but the deep Sylvian and the basal \eins are ignored clscwliLre 
In Figs 24, 25 and 65 the sinus of Morgagni is not labelled The ceiwncal vertebrae (Figs 8 5 
85) are practieally devoid of metapophyseal tubercles and their anterior ligamentous aicas 
are too feebly pronounced The atlas vertebra (Fig 68) is given a ‘lateral jirocess', ip 
parently a new’ term for the posterior bar of the transverse process The upjicr limit of origin 
of ]\I temporalis in Fig 91 is not coincident with the inferior temporal line The picture of 
the basis crann interna (Fig 94) show's the petrous to be devoid of its custonnr\ \ list iilar 
imprints from the superior and inferior petrosal sinuses and the sphenoidal lingula is 
insufficiently emphatic The external auditory meatus (particularly the tj nipanic jilatc) is 
poorlj' represented in Figs 90, 91 these illustrations, together w ith Figs 92, 9 1, demonstrate 
the general unsuitability of monochrome ‘wash’ as a medium for depicting osseous striu 
tures or tissue It is unfortunate that m Fig 104 the several elements bounding the ostium 
maxiUare remain unlabelled and that the dissection of the temporal bone was not carried to 
a deeper and more informative level 

The standard of artistic execution is high and reflects a commendable fidehtj’ to the 
original preparations The restriction, how'ever, of bright colours to neural and a asciilar 
structures only is perhaps not altogether happj'^ For (in the horizontal and frontal sections 
particularly) these stand out too vmdly against a general monochromic background "ind 
the eye is deflected by minor branches and tiMgs from more imjiortant structures Had 
the muscular, glandular and other masses been appropriately tinted this defect would haie 

^^Tlie quMity of the paper, the printing and the general production arc superb, and there 
IS an exhaustive index Every accurate reproduction of a good 

value, and this atlas should therefore prove serviceable to the medical student M e o 
however, w’hetlier the ophthalmologist, the otologist and the laryngologist wdl^fiM^i 
sufficiently comprehensive for professional reference 
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' BONES, MUSCLES AND VITAj\IIN C 

III EEPAIR OF THE EFFECTS OF TOTAL DEPRU^ATIOH OF 
VITAJMm C AT THE PROXBLAL ENDS OF THE TIBIA AND 
FIBULA IN GUINEA-PIGS 

B\ P D F .MURRAY* 

Deparimeni of Zoology, Uniiersity of Sydney, N S IF, Ausiraha 

AND 

E KODICEK 

Dunn Nutritional Laboratory, University of Cambridge and Medical Eesearch Council 

The changes to be desctibed occurred at the proNimal ends of tibial and fibular 
diaphyses of guinea-pigs v> hicli n ere first subjected to a period of total deprivation of 
vitamin C, and then supplied n ith the vitamin The methods and material used are 
described in the first paper of this senes (Murray & Kodicek, 1949 a, p 158), and the 
experiments are summarized in Table 1 of that paper (p 160) 

The changes occurred m t« o phases a destructive phase followed by one of repair 

THE DESTRUCTIVE PHASE 

This phase occurred only in animals which suffered a period of total deprn ation of 
\ itamin C 

It is well known that the pathological changes in scurvy include the cessation of 
ossification at the growth cartilage and elsewhere, the appearance of microfractures 
at the ends of the diaphj ses of long bones, and even the detacliraent of epiphyses 
Since It was our object to keep the animals alne until well after the time when the 
vitamin was^put back into the diet, w’e have little histological material which would 
enable us to confirm the classical descriptions of these effects of total deficiency, we 
lia\ e, how ever, radiographs Those, made immediately or shortly after the end of the 
period of total deficiencj^ show unmistakable evidence of the changes mentioned 
In normal guinea-pigs, radiograplis show the proximal end of the tibial diaphysis 
widening graduallj to the growth cartilage, like a trumpet to its mouth, and the 
cpiphj SIS fitting neatly o^ er the diaph) sis avithout overlapping it (Text-fig 1 A, and 
first paper, PI 1) On the other hand, in many guinea-pigs of groups 3, 4, 5 and 6 of 
Exps 5 and 6, the first radiographs, made after 9 days of total deprivation of vitamin C 
followed by seven (Exp 6) or eight (Exp 5) days on 0 5 mg ascorbic acid daily, 
showed the proximal epiphysis of the tibia overlapping the diaphysis medially, or 
both medially and laterallj , while the diaplij sis itself more or less completely lacked 
Its normal proximal expansion (Text-fig IB, PI 1, figs lA, 2A, 3A, PI 2, fig 12A) 
The change was usuallj greater on the medial than on the lateral side It was 
obsersed m nineteen of the fiftj-four legs Similar changes were seen in Exps 7 
and 8 

* This work «-ns done nhile (he first author uas at the Department of Biolog) St Bartholomeiv s 
Hospital Merlical College 
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In addition, the epiphysis, which in normal animals sits squarely on the ton of thn 

It ntmTrrf’T^ 1- ) Since it retains 

s Its articular surfaces, ligaments, etc , ^Mth the femur, its 

loping attachment to its own diaphysis causes the animal to be boM -legged, compare 

of 1-1 f withfig 5 Sloping epiphyses u ere seen m nineteen 

overlap nearly always in the same legs which also showed epiphyseal 

The loss of the diaphyseal expansion, and the medial slope of the epiphysis, Aicre 
accompanied by the appearance of an irregular shadoAV usually extending across tlic 
diaphysis immediately below the growth cartilage, and by the presence, in the angles 
between the end of the diaphysis and the overhanging edge of the einphysis, of small 
spicule-like shadows strongly suggestive of outwardly fractured bits of the proximal 
end of the diaphysis 

From this picture, and from the classical descriptions of scurvy in guinea-pigs, it 
was clear that the gently widening proximal end of the tibial diaphysis had been 
destroyed, that it was now represented by debris which gave the X-ray shadows just 
mentioned, and that the region of the diaphyseal wall now m contact with the 
epiphysis was not its normal proximal end (Text-fig lA), but a narrower region 
which would normally be situated more distally Hence tlie epiphyseal ovcrlaji 
(Text-fig IB) The slope of the epiphysis obviously reflects more extensive destruc- 
tion of the medial wall of the tibia than of the lateral wall, the lateral wall is probably 
to some extent protected by the fibula whose proximal epiphysis is m guinea-pigs 
fused wnth that of the tibia 

Radiographs taken later in the experiment may show the condition aggravated, 
sometimes in an extreme degree, thus, the diaphysis might fracture almost right 
acioss just below the growth cartilage (PI 3, fig 14B) Such severe changes w'crc 
rare, but there was often an increase in the medial downward slope of the epiphysis 
By far the commonest and most interesting changes, how'ever, were constructive, 
and led to the formation of the structures described below 

THE PHASE OP REPAIR 

The reparative changes occurred only in those animals to which, after the period of 
total deprivation, a supply of vitamin C was again allowed The amount of tlic 
vitamin given varied in the different experiments (Exps 5-8, Table 1) , it is of interest 
that the repair occurred when the amount of ascorbic acid provided was 0 i mg 
daily, apparently as well as when it was 10 mg , although the smaller amount did not 
usually allow normal formation and consolidation of fracture calluses, subpcriostea 

thickenings, too, remained imconsolidated . . u 

In radiographs taken at various times after the restoration of the vdnmin to e 
diet, tlie proximal end of the tibial diaphysis showed thickenings of its wall whic i 
tmetime! appeared to be purely periosteal in origin (PI 1, figs ^ “-fj" 
also endokeal The new bone thus formed tended to fill in the f ° , 

hanging epiphysis and the diaphysis below it, and often “PP^ ^ 
like mass within the diaphyseal cylinder just below ® ® , 

effect was to restore the tibia to something like its normal form, but the ep.plij 
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slope and resulting bow-leggedness were not corrected during the course of our 
experiments 

AVe studied these changes almost exclusively in the tibia, gmng but little attention 
to the fibula, in w Inch changes of a generalU similar character appear to hax e occurred, 
because it is much easier to study and interpret the alterations in the larger bone 
The radiographs gave no indication that similar changes, either of a destnicti-v e or of 
a reparative character, occurred at the distal ends of these bones, and we cut no 
sections of this region 

Sections were prepared of fifteen representative specunens They were mostly 
frontal serial sections through the proximal ends of the tibia and fibula, but some 
included the distal end of the femur and some were cut m other planes The material 
was all taken from animals which, after a period of total deficiency of vitamm C, 
were again supplied with the xitamin Table 1, m conjunction wnth Table 1 of the 
first paper (p 160) (Murray & Kodicek, 1949a) will indicate sufficiently the history 


of these animals 

E\p 

Group 

Xo of 
animals 

Table 1 

Ivo of dajs from 
daj 1 to death 

Ko of days 
from restoration of 
ntamm C to death 

0 

3 

3 

63, 113, 121 

45 05, 103 


4 

2 

45 62 

27, 44 


0 

1 

61 

43 

0 

4 

2 

30 85 

14, DO 

7 

I 

2 

62 64 

52 54 


2 

3 

107 (3 animals) 

67 (3 animals) 

S 

2 

2 

66 (2 ammals) 

50 (2 ammals) 


It w ill be simplest to begin the description of the structural changes revealed m the 
sections by describing specimen* A^A 40’ which died earliest after restoration of the 
vitamm This animal died 13 days after transference from a diet ^vlthout vitamm C 
to one containing 0 5 mg ascorbic acid daily It is of interest because it still shows, 
in some degree, the histological counterpart of the destructive changes which the 
radiograplis indicate as occurring during the total deprivation of the vitamin, not yet 
obscured by the effects of the added ascorbic acid, and because it also shows earlier 
stages in the processes of repair than are found in animals which survived longer 
The sections (PI l,figs 7, 8, PI 2, fig 9) are frontal and show the tibial wall, both 
laterally and medially, not continuing as It normally does (PI 1, fig 6, Text-fig lA) 
to the level of the growth cartilage, but ending below it in a fibrous connective tissue 
(‘Fasergerust’) which locally replaces the normal haematopoietic marrow In this 
tissue, scattered near the upper end of the tibial shaft, are small pieces of bone Some 
of these seem to be degenerating, we believe them to be detached fragments of the 
diaphyseal w all, broken off by microfractures during the total lack of the vitamm, or 
soon afterwards PI 1, fig 8 and PI 2, fig 9 show similar fragments endently just 
broken off, one in the tibia and one in the fibula Also lying m the same connective 
tissue are islands of de\ elopment of new bone of the granular type mentioned in the 
second paper (Murraj 8 ^ Kodicek, 1949h) in connexion with the mid-diaphj seal 
thickenings and their development 

Occupj ing the extreme proximal end of the tibial marrow cavity are lightly built 
bony trabeculae, manj of them enclosing vestiges of the matrix of the growth 

20 2 
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W m "'JT’' ’T' teen formed by endochondral ossineahon 

bone must have been formed since ossification started acrain after rcstorntimi nf 
aseoibie acid to the diet The endochondral trabeculae 

strengthened by the deposition of endosteal bone on their surfaces and bj the 
formation of new endosteal trabeculae ^ 

The tibial shaft showed (PI 1, fig 7 ), both laterally and medially, a n.dcued 
periosteal cambium with new bone forming m it just as in the development of a mid- 
diaphyseal thickening This new bone was not revealed by the radiographs and so 
was piesumably incompletely calcified 

The widened cambial tissue ended provimally at a mass of cartilage (PI 1, fig 7, 
jjen caH ) which, like the new subperiosteal bone, is not normally pi esent This carli- 
lage, which is seen both laterally and medially, lay between the fibrous layer of the 
peiiosteum and the bony shaft and callus, at the proximal end of the tibial diaphysis 
Its tissue passed by a gradual transition into that of the periosteum fiom vlnch it 
was evidently formed The internal cells of the cartilage were hyper tropliicd and the 
matrix was basophil, while those nearei the surface were small and lay m an almost 
colourless matrix (haematoxylin and eosin) Radiographs showed that the matrix 
was calcified In places the cartilage had a tenuous connexion with the epiphyseal 
cartilage which thus had the appearance of being turned dov awards at its rim, 
around the end of the diaphysis, much as a match-head grips the stick It is not 
being resorbed and no endochondral ossification is occurring m it 

The condition of the fibula, in the region of the growtli cartilage, m gcncial 
resembles that of the tibia, in particular, it shows a very beautiful niiciofraetiire ol 
the bony shaft (PI 2, fig 9) 

We thus see in this specimen (a) a Avidened subperiosteal cambium with new bone 
developing in it, (b) a bony callus-like tissue forming cndostcally m the splintered 
proximal end of the tibial shaft, (c) the formation of tiabecular bone from the grow tli 
cartilage, and (d) a differentiation of cartilage from the periosteum in the same region 

When we turn to the remaining specimens of which sections ivcre cut (Tabic 1), 
all of which survived for longer periods than that just described, we find that their 
radiographs showed a great variety in the amount of reparative hard tissue formed at 
the proximal ends of the tibiae Thus, in the specimen illustrated in PI 2, fig 10 B 
the medial Avail of the tibia showed a thickening which increased toA\ards tiic 
proximal end, stopping rather abruptly a little bcloAV the groAvth cartilage, but 
shoAved no other change except the medial slope of the epiphysis It is notable 
that the thickening ceases proximally at a position corresponding Avith that of the 
lop of the diaphyseal wall in the first photograph (fig 10 A) (taken just before the 
end of the total deficiency), as indicated by the distance from the point at which the 
medial wall of the diaphysis curved laterally PI 1, fig lA, B, sliow somewhat 
greater changes, with subperiosteal new bone running up to the epiphysis on both 

sides, a medial slope of the epiphysis, and a suggestion nfl^A B 

endosteally formed callus The bones shoAvn in PI 2, fig 12 A, B, PI 3 fig^ • > . 

and fig 14 A, B show generally similar but greater changes ic “ 
proximal tibial Avail in relation to epiphysial slope, overlap 
Ln of the prox,mal ends of the t.b.al 

formation In the specimen shoAvn in PI 3, fig 14 A, B the extreme ciegr 



289 


Bones, muscles and vitamin G 

lap of the epiphysis on the medial side, caused by breakdown of the diaphysis, led 
to a fraeture -nhieh sections shon to have been nearly completeh across the bone 

Sections shon that the changes in these and other specimens must be referred to 
the four processes discerned at v ork in the specimen u Inch died earliest, and u Inch 
IS described abo\e We shall discuss these processes senatim 

Formation of the subperiosteal thickening 

In the specunen vhich died at 13 days (‘VA40’) after transference to a diet 
containing vitamin C, the subperiosteal thickening developed in a v idened cambium 
In other specimens, all of -nhich lived longer after restoration of the iitamm, com- 
parison of the earlier radiographs with the structure revealed by the sections, showed 
that a periosteal thickening had formed m the same uaj In these sections it was 
possible to distinguish the bone formed in the subperiosteal thickening, and that of 
the endosteal callus developed m the marrow cavity, from the old bone of the original 
diaphyseal shaft, by tlie more regular orientation of the cells and fibrous structure of 
the old bone and by its staining properties, in which it differed slightly from the more 
recently formed bone In spite of resorptive changes the old diaphyseal w all could 
usually be traced far enough tonards the growth cartilage for it to be obvious by 
extrapolation that it pointed, not to the edges of the groirth cartilage, but to places 
Mitliin the perimeter of the latter (PI 2, fig 12D, E) The sections thus confirmed 
\ihat the earlier radiograplis showed, that at an earlier time the epiphysis had over- 
lapped the proximal ends of the diaphysis Non, the periosteum normally' ends 
pioximally where its fibres pass into the epiphy'seal cartilage, just proximal to the 
gionth cartilage, and into the joint capsule, from this attachment it normally' 
descends along the diaphysis, lying close against it But evidently' nhen the dia- 
physis has lost its proximal end, the periosteum must tend to be loose over the angle 
betn een the diaphysis and the overlapping epiphysis Non , after a fracture of the 
shaft of a normal guinea-pig’s fibula the damaged periosteum re-establishes itself 
around a cellular mass nhich develops in the oedematous and haemorrhagic area 
betn een and around the broken ends Because of the local haemorrhage and oedema, 
the nenly' re established periosteum is displaced outn ards from the bone on n Inch, 
therefore, the callus forms a thickening Similarly, the oedema developing in con- 
nexion n ith the damaged proximal end of the tibial diaphy'sis must tend to sn ell the 
periosteum locally outn ards Thus the anatomical changes brought about in the 
destructive phase, and the resulting oedema, combined to produce a widened sub- 
periosteal space around the proximal end of the diaphysis, this space filled nith 
osteogenic cambial tissue, and the proximal thickening resulted It nas clear from 
the relation of the periosteum to the angle beneath the overhanging epiphy sis and to 
the diaphysis that the nen bone thus formed tended to re-establish the normal 
nidcmng of the proximal end of the tibial shaft (see Text-fig IB) 

It would be supposed that the nen bone would have functional v'alue in supporting 
the ov erlapping epiphy'sis and (in terms of theories of functional determination of 
bone structure) might be regarded as brought into being by' mechanical stimulation 
of a functional nature M hile it is obvious that the nen bone might hav e the functional 
value suggested, m that its trabeculae could make direct contact with the epiphysis 
and transmit strain from it, three considerations forbid us attributing its formation 
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to this stimulation First, sometimes sueh contact seemed to be lackimr anv strains 

tTue wnTh? '*‘’‘^'’5''’^ “ transmitted to ,t ttoou:it co meet,, e 

tlnLt t t tT Secondly. 4 trabcenlae 

laver radiaUy and downward, 'from the old bone to the fibrous 

Zrrl’i- ^ ^ direction roughly perpendicular to that expected if they nerc 

weigt-earrying piers Thirdly, m the early stages of its development the nen bone 
could hardly discharge such a function because it was little if at all calcified, a bom 
structure can only develop in response to mechanico-functional stimulation if cither 
the strains develop pan passu with the bone, or if, as in endochondial ossification, 

the bone takes over the function of some pre-existing structure which lias liitlicrto 
borne the strain 



Text fig 1 Diagram of the changes at the proximal end of the tibml dmphysis m an ammal supplied \\ ith 
vitamin C after a period of total deprivation A Proximal end of normal tibia and fibula, compare 
PI 1, fig G B After a penod of total depnvation of vitamin C , microfraoturcs at the proximal end 
of the'' tibial diaphysis reduce its length, especially laterally , the epiphysis is made to slope do\i nv. ard 
laterally, and the cambial zone (cam ) of the penosteum is xndened C During repair Neii sub 
periosteal bone (n pm 6 ) forms m the widened cambium Periosteal cartilage (pen carl ) and 
endosteal callus (end cal ) are seen Endochondral bone (endoch b ) is formmg by replacement of the 
penosteal cartilage and from the growth cartilage Compare PI 1, fig 7 D TJic now subperiosteal 
bone has been made compact, penosteal cartilage has been resorbed, and the endosteal callus partly 
so, normal activity of groxvth cartilage The most recently formed part of the diaphyseal nal! (at tiit 
top) is of the normal thickness Compare PI 4, fig IGC Fibrous layer ofpcno 3 teum(y!t per) dotted 


The development of subperiosteal thickenings on the fibula might be somewhat 
diffeiently determined, PI 2, fig 9 shows the development of new bone m an angle 
between periosteum, epiphysis, and old bone, created by a bend in the fibula at the 
level of the giowth cartilage 

The penosteal caitilage 


The cartilage was always formed at the top of the diaphysis and below the growth 
cartilage, internal to the periosteum and external to the proximal end of the diaphysis 
or to the callus in which the diaphysis ends (Text-fig IC) It was formed by loca 
chondrification of tlie periosteum, into which it passed peripherally by a gradual 
transition It was usually continuous with the cartilage of the epiphysis, and often 
looked as if formed by the epiphyseal cartilage being bent round, or having owee 
round, the end of the shortened diaphysis, this was suggested, for ^ 

PI 2 fig 9 We do not think, however, that this appearance can in ica e an a 
histogenetic process because of the clear evidence of penosteal 
and because of the difficulty m supposing the differentiated epiphyseal eart.lage 

possess such gieat mobility 
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The cartilage appeared in about half the tibiae studied, and especially m those 
showing the greatest disturbance of the normal structure As m the specimen which 
died earliest (‘ VA40’), the cells in the middle of the cartilage hypertrophied and the 
matnv here became basophil, in specimens kept for longer periods the hj^pertrophy 
spread to the surface facing the bone and here the cell chambers vi ere opened and 
endochondral ossification occurred (PI 3, fig 15 B) Peripherally, n here the cartilage 
passed over into the periosteum, the cells remained small and the matriv eosinophil, 
or at least the enlargement and basophilia did not occur till later The bone formed by 
replacement of this cartilage v as added to the endosteally formed callus in which the 
old diaphyseal bone could often be seen to end (Tevt-fig 1 C) Its extent could be 
estimated from the vestiges of cartilage matrix embedded in the trabeculae of bone, 
and in one or tvo cases the presence of these revealed that a part of the callus had 
developed in a cartilage which had otherwise been totally destroyed by the time of 
fixation 

The cartilage must be compared with that formed in most fracture calluses, also 
from the periosteum or its derivative cells There is strong evidence that connectn e 
tissue structures which do not normally form cartilage can be caused to do so by 
rather ill-defined mechanical conditions m which they are subjected to pressure 
This has been showm for embryonic material in oiiro by Glucksmann (19S9), and, in 
tendons subjected to lateral pressure, by Ploetz (1937-8), while Krompecher (19S7) 
found that cartilage formation at experimental fractures was prevented when the 
broken ends were pulled apart In the present experiments it lias repeatedly been 
seen, m both dietetically normal and partially deficient animals, that where the 
tibia and fibula come into contact and presumably press on each other, the periosteum 
of both chondrifies It is thus possible, and in accord with other evidence, that the 
chondrification of the periosteum at the proximal end of the tibial diaphysis may be 
a reaction to the pressure of the internal oedema upon it It is perhaps significant 
that it formed at the extreme proximal end of the shaft, where mierofractures and 
resorptive changes deprived the periosteum of protection by an intact diaphyseal 
wall beneath it from the action of pressures acting from within the bone Possiblj 
It may have been a reaction to pressure downwards from the epiphysis, but it had not 
this appearance The consequence of its formation and later replacement by bone 
was to add to the bony callus which, with the new subperiosteal bone, the endosteal 
callus, and the bone formed by renewed actmtj' of the growth cartilage, completed 
the restoration of the connexion between the epiphysis and the diaphyseal shaft 
Further, since the cartilage was formed from the periosteum, its replacement by bone 
continued the widening of the new proximal end of the shaft, and therefore helped to 
restore the normal form of the tibia 

Endosteal callus 

This was trabecular bone developed endosteally, especially about the shattered 
upper end of the tibial diaphjsis It formed a large part of the callus developed in 
this region, the remainder being formed partly by replacement of the periosteal 
cartilage and partlv by endochondral ossification at the growth cartilage Often, 
cspcciallv w hen it is large, the callus develops in the fibrous connectiv e tissue b\ 
which the haematopoietic marrow is partly replaced, but sometimes it forms in 
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When the old bone of the diaphysis had been so far destroyed as not to constitute 
a Darner between them, the endosteal callus and the subperiosteal thickening united, 
but the approximate position of the boundary between them could usually be 
detected by the more regular radiating arrangement of the subperiosteal trabeculae, 
those of the endosteal bone being usually much less regularly orientated 
In animals which lived for long periods after the restoration of vitamin C to tlic 
diet, it was sometimes found that the callus lay at some distance below the proximal 
end of the diaphysis, in such cases the callus must have formed at the proximal end 
soon after the restoration of the vitamin and then, comparatively normal gron tii 
being resumed, a new length of shaft was formed above it by the giowth cartilage 
and periosteum (Text-fig ID, PI 4, fig 16 C) 


The achviiy of the grotolh caitilage 


The growth cartilage, which must be supposed to have been inactive during tlic 
period of total deprivation of the vitamin, m the sections showed resumed activity 
and endochondral bone was seen in formation This activity, because of tlic diameter 
of the cartilage, must evidently have led to the development of a new proximal end 
of the diaphyseal shaft, and this must evidently have had the diameter of the gron th 
cartilage, i e a diameter greater than that of what had, during the destiuctivc phase, 
become the pioximal end of the shaft The formation of a fairlj smooth junction 
between the wide new pioximal part of the shaft, and the narrower old part now just 
distal to it (Text-fig IB, C, D), was brought about partly by the new subperiosteal 
bone, partly by the new bone formed endochondrally at the periosteal cartilage, 
partly by the endosteal callus, and partly of course by the modelling process which 
normally brings about the transformation of the wider proximal parts of the siiaft 


into the narrower more distal part 

At first, the bone formed at the growth cartilage contributed to the internal callus, 
but as growth proceeded the cartilage was carried away from the callus, and a gap 
appealed between the recently formed endochondral bone and the internal callus 
This gap had presumably earlier contained endochondral bone which had been 
resorbed, as occurs in normal growth (internal spongy bone being present only at 

the ends of most long bones) , .i i „ 

A similai effect could be observed m connexion with the subperiosteal thickening, 

thus m PI 2, fig 10 C the most pioximal part of the lateral wall of t e s la vas o 
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a diaphyseal end of normal diameter, no widened subperiosteal space existed and 
as the new wall was formed it was of normal thickness 

SUMMARY 

1 When guinea-pigs were subjected to total deprivation of vitamin C they showed 
the classic changes and, since the proximal end of the tibial diaphysis was destroyed 
by repeated microfractures, the epiphyses came to overlap, both laterally and 
medially, the narrow zone of the tibial shaft now in contact w ith it The damage to 
the diaphysis was usually greater medially than laterally, causing the epiphysis to 
slope dowmwards and medially, making the animals bow-legged 

2 AVhen animals, in which these changes had occurred during a period of total 
deficiency^, were again given the vitamin, reparative changes restored the tibia to 
a form approaching the normal These changes were (a) the formation of a sub- 
periosteal thickening in the widened periosteal cambium which filled the angle 
between the overhanging epiphysis above, the fibrous layer of the periosteum, and 
the old diaphyseal wall, {h) the formation, around the proximal end of the diaphysis, 
of cartilage derived from the periosteum, and its later replacement by endochondral 
bone which was added to (c) a trabecular bony callus developed endosteally, and 
(d) trabecular bone formed endochondrally at the grow th cartilage All these changes 
occurred in some cases, but not in every case, and there was great variation m detail 

We w ish to thank Mr P 0 Mumby, F R M S for taking the photomicrographs, 
and to Mr S G Impey for liis efficient care of the experimental animals 
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EXPLANATION OF PLATES 
Plate 1 

Fig 1 From a partially vitammC-deficientgumca-pig of Exp 5, group 4 A 27th daj of expenmental 
diets, 9th dnj on 0 5 mg ascorbic acid daily, day of operation (fracture just v isible m ongmal) On 
the medial side, the proximal epiphysis overlaps the diaphysis, ahich lacks its normal curvature 
B 47th day of expenmental diets, 20 day s after operation, 29th dav on 0 5 mg ascorbic acid daily , 
day of death Thickemng of proximal end of tibial diaphy sis, medial slope of epiphysis, no radio 
logically recogniiaWo callus at fracture 

Fig 2 From a partially vitamin C deficient guinea pig of Exp 5, group G No operation A 27th day 
of expenmental diets 9th day on 0 5 mg ascorbic acid dadv The proximal end of the tibial diaphysis 
has lost the normal outward flare ofthc walls, and a heavy shadow hes below the cpiphy sis B 44th 
day of expenmental diets, 2flth day on 0 5 mg ascorbic acid daih Subpcnosteal thickenmg of both 
tibial and fibular diaphy sos, except distallv , medial slope of tibial opiphy sis which overlaps diaphysis 
mcdialK C Gist dax on expenmental diets, 43rd dav on 0 5 mg ascorbic acid daiK , day of death 
ho epipluscat overlap because of increased proximal thickening of tibial diaphysis 
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ini'? w” “'’ *‘’ 1 ?“ “f “ P«rt»Ur ntomm 0 defiocnt gi.imiv p.g, from Ef p 7 .roup 1 
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scale between them is m centimetres ana hr 

6 ^om a noraal gmnea pig frontal section ofthe proximal end of the tibia and fibula Azan vO 

7 BVom a partiaUy yitamm C deficient gumea p,g (‘ VA40’) of Exp G, group 4, 30th daj of oxpcn 
mental diets, l^Ii clay on 0 5 mg ascorbic acid daily, 6th day after operation Frontal section of 
proximal end of tibio fibula, showmg an early stage m the development of nev subperiosteal bone, 
penosteal cartilage, and endochondral and endosteal callus developing m the connective tissue u Inch 
replaces the normal haematopoietic bone marrow Haematoxylm and eosin x 13 

Eig 8 From the same partially vitamin C deficient guinea pig as fig 7, sliomng a microfractiiro at the 
top of the tibial diaphysis, above and to the right, penosteal cartilage Hncmatoxjlin and cosin 
x210 


Fig 

Fig 


Fig 

Fig 


Plate 2 

Fig 9 From the same partially vitamin C deficient animal as fig 7 Frontal section of the proximal end 
of the fibular diaphysis, showing a microfiracture and new subperiosteal bone developing in a iv idoned 
cambium Haematoxylm and eosin x 62 

Fig 10 From a gumea pig of Exp 8, group 2, allowed cabbage after 16 days total deprivation of v itamm C 
A 16th day of total deficiency Tibial epiph3'8is overlaps diaphysis mediallj B 04th day of 
expenment, 48th day on cabbage The tibial epiphysis shorvs a shght medial slope, and the diaphjsis 
a thickerung of its medial wall begmnmg a little below the growth cartilage C GGth daj of cxpcri 
ment, 50th day on cabbage Frontal section of proximal end of tibio fibula, the tibial wall is thickened 
medially except just below the growth cartilage Haematoxylm and eoiin x 7 
Fig 11 From a partially vitamm C deficient gumea pig of Exp 6, group 4 47th day of experimental 
diets, 29th day on 0 6 mg ascorbic acid daily, 20th day after operation See also radiographs of this 
animal m PI 1, fig 1 Partoffrontalsectionoftibia, showmg callus at top of the diaphysis, penosteal 
cartilage bemg resorbed, and new sufapenosteal bone (lou right) Haematoxylm and eosin x 17 
Fig 12 Fromapartially Yitamm C deficient gumea pig of Exp 6, group 4 A 27th da3 of experimental 
diets, 9th day on 0 6 mg ascorbic acid, day of operation Tibial epiphysis overlaps diaplijsis on both 
sides, diaphysis lacks its normal proximal widening B-E C3rd day of expcnmental diets, 45th dnj 
on 0 6 mg ascorbic acid daily, 37th day after operation, day of death Great subperiosteal and 
endosteal thickenmg of diaphyseal wall, epiphysis no longer overlaps diaphysis C Frontal section 
of proximal end of tibia and fibula, showmg immense thickenmg of diaphyseal walls and reduction of 
marrow cavity Haematoxylm and eosm x7 D Portion ofmedial wall ofsection near that shown 
in C shelving penosteal cartilage, the remams of the ongmal diaphyseal wall outlined m black, and 

callus Haematoxylm and eosm xl7 E Resembles D, but from the lateral wall, the dark area in 

the middle of the callus is unresorbed cartilage Haematoxylm and eosm x 17 


£^XaA.*P£ 3 

Fig 13 From a partiaUy vitamm G deficient gumea pig of Exp 7, group 1 A 15 th day of experimental 
^ diets 6th day on 0 6 mg ascorbic acid daily Tibial epiphysis overlaps diaphysis medially , . 
Sid da^f Jxpenmentfl diets, 62nd day on 0 5 mg ascorbic acid daily Medial slope of epiphjs.s, 
thickenmg of both diaphyseal walls C Haematoxylm and eosm x 7 

proximal end of diaphysis „rniin 1 64th da; of cxptnmcntal 
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latter passing over into penosteum (from a section close m the senes to A) Haematovylm and 
eosm K 150 

Pl*ATE 4 

Pig IG Prom a guinea pig of Exp 8 group 2, allowed cabbage after 16 days total depnvation of vitanunC 
A 16th day of total depnvation of vitamm C, slight medial slope of tibial epiphysis B 64th day 
of experiment and 4Rth day on cabbage C Frontal section of proximal end of tibia, 66th day of 
experiment, 50th day on cabbage, shomng medial slope of epiphysis and endosteal callus on the 
medial side, a little beloTT the growth cartilage Haematoxylm and eosm x7 

Pig 17 From a normal giunea pig An obhque section across the tibial diaphysis near its proximal end 
Haematoxylm and eosm. x 12 

Fig 18 From a partially vitamm C deficient gumea pig of Exp 5, group 3 121st day on experimental 
diets, 103rd day on 0 5 mg ascorbic acid dady Tho marrow cavity is almost obliterated by the 
endosteal callus Compare fig 17, a section which m position and orientation closely agrees with that 
here shown Haematoxylm and eosm x 1 1 5 


Ahbremahons 


c t mar 

connective tissue of marrow {‘Fasergerust’) 

end cal 

endosteal callus 

endo cal 

endochondral callus 

Fib 

fibula 

Jib per 

fibrous layer of penosteum 

grcart 

growth cartilage 

mar 

marrow 

n peri b 

new subpenosteal bone 

pen carl 

penosteal cartilage 

n b 

new bone 
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1HE SIZE RELATIONSHIPS SUBSISTING 
between body length, limbs and 

JAWS IN MAN 


By R H SHEPHERD, D A SHOLL and A VIZOSO 
Department of Anatomy, Umveisity College, London 

INTRODUCTION 

For the purpose of an investigation into the growth of nerves in man, measurements 
were made on a large number (c 850) of male infants, children and adoleseents living 
in London The ages of the subjects ranged from 2 days to 20 years and their Jieiglits 
from 448 to 1870 mm The examination of these data has revealed a number of facts 
of interest quite apart from those valuable for the oiigmal inquiry, and the present 
paper examines the relationships between the sizes of the limbs and jaw, and the 
total height of members of this group 

Many biologists have been interested m the relative sizes of parts of animals, and 
it has been maintained that the relationship between the size of a part and the si/e 
of the whole animal is best described by some kind of exponential (logarithmic) 
function The outstanding examples of such work may be found in Huxley (1932) 
and Teissier (1937), while many other cases are described by Brody (1945) Tins 
kind of relationship is usually known as allometnc or heterogonic On the other 
hand, there is a considerable amount of evidence to show tliat in many cases the 
changes in size can be adequately described by a simple linear function, i c by 
stating that the size of the part is directly pioportional to the total size of the animal 


MATERIAL AND METHODS 

Since a wide range of ages had to be considered, four series of measurements were 
made The first series was made on normal males of school-age attending London 
County Council schools in the north-west area of London These boys were between 
the ages of 4 and 16 and were draw from a uniform economic and social group 
The second series was made on boys of 1-3 j^ears This series was carried out at 
day-nursenes in the same area from which the data covering the school-agc boys 
were obtained, while the third senes consisted of measurements made at University 
College Hospital on 50 newborn male infants, whose parents lived in similar areas 
The fourth series of measurements was made on male University College students 
with an age range of 17-20 These students, although living in London at the time of 
the investigation, came from all parts of Great Britain and must have grown up in 

varied enviionments i i i 

It will be seen that the whole senes of these individuals may be considered to be 

a sample of the young male inhabitants of London, i e a sample from a higlily 
cosmopolitan area 

The measuiements were made in the following manner 
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(a) Height 

A 2 m rule graduated m centimetres and millimetres, ha%Tng metalled ends and 
plaeed \erticall% against a ivall, door, etc, -vs as used for measurmg height The 
subject stood uith lus back to this uall with heels, buttoeks and occiput, touchmg 
the uall and ejes directed horizontal! forwards 

{b) Cubit 

A slidmg caliper u as used In most cases the measurement ivas made on the right 
arm, e\ceptions being those cases m u hich there u as a history , or other endence, 
of injury to this arm The subject y as seated mth his right forearm and outstretched 
hand placed prone on a table, the elbou being flexed to a right angle The measure- 
ment uas then made from the posterior surface of the elbou o\er the olecranon 
process, to the tip of the middle finger 

(c) ‘Leg’ 

The subject uas seated uith the right shoe remoied and knee flexed to a right 
angle yhile the distance from the upper edge of the patella to the loner surface of 
the heel nas measured nith a sliding caliper The nord ‘leg’, as used m this paper, 
differs from standard anatomical usage m that the loner end of the femur, talus 
and os calcis arc included 

(d) Mandible 

The measurement chosen as an index of mandibular size n as the perpendicular 
distance betneen the bi-auricular axis and the sjmiphjsis menti A ‘ head -spanner’ 
n as used for this measurement (see PI 1) This spanner consists of two adjustable 
nooden rods A and B nitli tapering ends attached to the frame as shomi 
The ends are made to fit snugly but not tightly mto the external auditory meatus 
A third adjustable rod C, calibrated so that direct readmgs can be made from it, 
makes contact u ith the sj mphj^sis menti and the perpendicular distance betu een 
the line AB and C is shouTi at D (on rod C) 

Some lariations in tcclmiquc uere used for measurmg the infants For height, 
the croun-heel length in the supine position uas taken, measured bj a large sliding 
caliper Mandibular size uas measured as before, and a small sliding caliper uas 
used for the cubit md leg measurements 

ANALYSIS OF THE DATA 

The data u ere plotted on squared paper and the result is reproduced m Text-fig 1 
It IS ob^ lous that some kind of linear hj pothesis is suggested, since there appears 
to be no indication of curiature, morcoacr, there is no need to postulate anj kind 
of pol\nomial or exponential relationslup betneen the lariables 

Denoting the a allies of the bod\ height x and those of the length of the part 
(limb or jau) bj i/ ue maj consider the linear regression of j/ on a: We assume that 
the a \ alucs are knorni accuratcU and that for an\ gn en x the corresponding 
1 allies of y ire normalh distributed about a mean a + bx uith a standard deiiation 
which must be estimated from the data These assumptions are, of course, those 
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T t fig 1 'Plotted points of all the observ itions and the regression lines calculated from the (lata 
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usually made for fitting linear regressions, the calculations -nere made from un- 
grouped data One set of data is less satisfactory than the other two since it is clear 
that any change in length of leg must lead to a change m total height and, conse- 
quently, there is a kind of spurious correlation between the measurements of leg 
and those of height This, hou e^ er, is una% oidable and the estimates of relatn e size 
are unaffected 

Tablet The values of the parameters to be inserted mio the regression equation y=a+bx 
The values ofl 96 y'V are used to determine confidence limits as described in the text 


Part [y) 

a 

b 

VP 

1 90 VP 

Arm 

-0 30 

0 27 

8 975 

17 59 

Taw 

39 80 

0 045 

4 789 

9 39 

Leg 

-50 31 

0 34 

14 430 

28 28 


Table 2 The values of certain computed functions tuhich present the information 
necessary for most statistical investigations on the data 




Mean 

Standard 


Correia 

Kesidual 

Part 

Number 

height Mean 2 / 

error of 


tion 

sum of 

(y) 

measured 

(5) (y) 

b 

E{x-x)’ r-ty-y)- y:{x-x)(y-y) 

coefficient 

squares 

Arm 

847 

1246 77 335 89 

0 001 

75 864 940 5 584 438 20 457 214 

0 99 

68 009 244 

Jaw 

842 

1249 07 95 69 

0 0006 

75 050 582 169 390 3 356 675 

089 

16 263 618 

Leg 

847 

1246 77 379 35 

0 0016 

75 804 940 9 186 006 26 144 741 

0 98 

175 953 053 


The mdmdual measurements are not presented here from considerations of space, 
but the} have been deposited and may be consulted at the Thane Library, University 
College, London Summaries of the information derived from the data are shown in 
the Tables Table 1 gi\es the values of ccrtam parameters uhich mil be discussed 
later, u hile Table 2 contains the results of certam computations which may be useful 
to other im estigators 

It is quite clear from the values of the residual sums of squares that the regression 
coefficients are significant, and the high values of the correlation coefficients indicate 
the suitability of a linear hypothesis Moreover, these coefficients show that the 
regression lines of i/ on r and x ony are practically coincident 
The lines have been calculated in the form 

ij=a+hT, (1) 

11 here ?/ = length of part (mm ), a: = height (mni ) If the parameter lalues are sub- 
stituted into equation (1), lie find the folloiimg equations for the regression lines 

(fl) Arni/height y= —0 304-0 27a; 

(h) Jaii/height y= 39 804-0 015a: 

(c) Leg/height y = —50 31 4-0 34a; 

The lines Ini'e been draim to the plots of the data m Te\t-fig 1 
The 1 alucs for a hai e no biological significance since they are formed partlj from 
means and parti} from regression coefficients, but the i alues for b are measures of 
the change m lengths of the limbs and jaii for anj gii en change m height If the 
height increases bi 10 cm then the arm increases b\ 2 7 cm , the leg by 3 4 cm and 
the jail bj oiih 0 45 cm , the leg shows the largest relative mcrease, the arm a some- 
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what smaller increase while the change m the length of jaw is i cry small mdecd 
growth ^ considered as measures of relatne 

n^«ke it possible to 

early stages of faulty skeletal development At present, reliance has to be 
placed on subjective judgements, and the physician may have to wait some tunc 
before the skeletal defect is sufficiently obvious With data of the kind used in this 
paper it is a simple matter to test if the skeletal development of an individual lies 
within the usual range of variation The method to be used is outlined below, and 
a particular numerical case is worked out as an example 
The equations enable us to find the size which is to be expected for one or all of 
these parts for a given height It is only necessary to substitute the value of the 
height foi (V in the appropriate equation and then the value of y (size of the part) 
IS easily calculated Such an estimate is of limited value since the equation has only 
been fitted to a sample of the population and no matter how large the sample si/c, 
any estimates of values of parameters for the whole population will be subject to 
error It is possible, however, to specify boundaries within which the size of the 
part may be expected to he Such boundaries are frequently referred to as confidence 
intervals or confidence limits and were discussed by Neyman (1937), the theory of 
such intervals has also been explained by Wilks (194)4‘) and Cramer (1916) 

In order to find such confidence limits we must first specify the proportion ol 
cases in which we hope our statement to be correct, eg 95 or 99% Then we can 
calculate two numbers 6^ and O 2 for every ®, such that if we make the statement 
that y lies between 6^ and ^ 2 , we shall be correct m 95% (or 99%) of the cases in the 
long run 

The group of all the individuals who were measured comprises a sample drawn 
from the population of London inhabitants and the conclusions may be considered 
to be valid for this population providing that no values of height outside the range 
considered are involved The conclusions would not necessarily apply to the inhabi- 
tants of another part of the country since the sample could not be assumed to be 
representative without further investigation 

If the sample upon which the estimates are based is small, the formulae for finding 
the confidence limits are a little more complicated,* but in the present case vc 
may use the expression F = g±l 96VF, where y is the value found from the 
regression equation and V is the estimate of variance found from the residual sum 
of squares The values of 1 96 are given in Table 1 

By way of example, let us assume that we wish to know the length 0 arm o ic 
expected for an individual 1747 mm high We wish to ansv er a question of the fonn 
‘Is it reasonable to expect a normal Londoner who is 1747 mm ug 0 la a 
arm 500 mm long’ ’ The regression equation for the arm is 

-0 30 + 0 27a., 

* The exact confidence limits for an mdividual are given by 


s)V 


In the case 


considered the last two terms may ho ignored 
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and the substitution of 1747 for x in this expression leads to a value of 470 78 for y 
The value for 1 96 g*ven m Table 1 is 17 59 and the confidence limits for Y are 

r=470 78 + 17 59, 

and, vith 95% confidence, ve can assert that for a height of 1747 mm , the arm 
length lies betveen 453 and 488 mm Consequently, ve should consider an arm 
length of 500 mm as ‘abnormal’ for this height 


DISCUSSION. 

The study of the relative grov th of parts of organisms became more indespread 
after the publication of Huxley’s book on Problems of Relative Growth (1932) 
The author shoved that vhen the logarithms of the weights or dimensions of parts 
of an organism were plotted agamst those of the vhole animal, the plotted points 
often appeared to fall about a straight line If this were the case, it vould imply an 
exponential or compound interest relationship between the variables of the form 
y = bx', when the value of a. differed from unitj’’, such growth was described as 
heterogonic or allometric 

The results for many sets of data appeared to be convincing, but cases were fre- 
quently found when it was necessarj’’ to draw tv o or more straight lines m order to fit 
the logarithmic plots by straight lines Moreover, certain obsen'ers, including 
D’Arcy Thompson (1942), found that a simple linear relationship was often adequate 
to describe the data, and smcc there is no a prion reason to prefer the allometric 
form and if the data shov no curvilinear trend, then there is no justification for 
departing from an hypothesis of direct proportionality The numerous theoretical 
objections to the allometric formula have been discussed m the essays by Reeve 
and Huxlej and bj' Richards and Kavanagh in the volume edited by Le Gros Clark 
tSL Mcdavar (1945) The problems involved in fitting the allometric curve have been 
discussed elsevhere (Sholl, 1948) 

It may be pointed out that it is sometimes thought that some justification for 
the allometry concept may be derived from the assumption that living cells them- 
sehes produce living cells vhich reproduce in their turn, i e a compound interest 
sjstcm Reeve and Huxley point out that bone does not grow interstitially and 
there is little reason to assume that limbs vould show this type of grov th There is 
a considerable literature on the subject and full bibliographies may be found in the 
essays cited 

The sets of data considered in this paper do not shov any kind of allometric 
relation , the size of the part is directly proportional to the total size from the time 
of birth to maturlt^ It is true that, outside the range v e hai e considered, e g m 
foetal life and during periods of life in vhich a more unrestricted tj^pe of grovth 
prci ailed, the heterogonic relationship might veil hold It is, hovever, interesting 
to note that during infanc} and at pubertj there is no cMdence of such a tendencj 
Not onlj do the plotted points shov no indication of any curvature but the high 
V alues of the correlation coefficients indicate that the Imear h 3 ’pothesis is justified , 
in fact, there is no reason to fit an} kmd of exponential curv^e Although the samplmg 
vas not from a homogeneous group, the large number of observations vuth so small 
Anatomj 83 
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lines do represent a mean tcndcnoj about 
Wiiich the values of the sizes of the part vary 

It IS, of course, obvious that such lines give no measure of any grov th rate, since 
such rates must be concerned with the change in size wth respect to time Time 1ms 
not been considered in this investigation, and consequently, the gradients of the 
lines only give information as to change in size of the part in relation to chancre 
in size of the whole individual 


SUMMARY 

1 Measurements of limbs, jaws, and total height were made on 795 male human 
beings from various parts of the London area The ages ranged from the newly 
born (2 days old) to 20 years old, while the height ranged from 448 to 1870 mm 

2 The regression of the length of the part on the total body length is linear, 
consequently there is no evidence for allometric growth at any period between 
infancy and maturity 

3 Sufficient data are published and methods are given for finding the confidence 
limits between which the size of the part may be expected to he w'hcn any particular 
value of the total length is considered The application of this method ns an aid to 
the diagnosis of pathological states is shoivn 


We wish to thank Prof J Z Young for the advice and encouragement which lie 
has freely given during the course of this work and we arc most grateful to the 
London County Council for their co-operation m this work and, pai ticiilarly, to 
Dr J N Dobbie, Senior Medical Officer of Health to the London County Countil, 
and Dr G W Pritchett, the Medical Officer for the north-w'est region ^Yc must also 
thank the Head Teachers of the various schools for their co-operation and Prof 
F J Brown, lately Professor of Obstetrics m University College Hospital, for 
permission to make measurements on the newborn infants, Sister Edwards gave 
us expert assistance 
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THE PEOJECTIOH OF THE CAUDAL SEGI\IEHTS OE 
THE SPINAL CORD TO THE LINGULA IN THE 
SPIDER MONKEY^ 

Bv HSIANG-TUNG CHANG and THEODORE C RUCH 
Lahoratory of Physiology, Yale Uni jersity School of Medicine, NeioHaLcn, Connecticut, 
and Department of Physiology and Biophysics, University of Washington School 
of Medicine, Seattle, Washington 

INTRODUCTION 

In in-\ estigatmg the degree to hich the organization of the central neir-ous sj stem 
IS influenced by the presence of a prehensile tail in the spider monkey, ire found that 
tlie eight caudal segments of the spmal cord 'which are exclusive^ concerned mth the 
tail (Chang & Ruch, 1947a) are projected to a particular cell group of dorsal column 
nuclei (Chang & Ruch, 19476) and a particular region m the thalamus (Chang & Ruch, 
1947c) Most interesting of all is the finding reported belorr, i e that the projection 
of these terminal segments of the spmal cord is to the foremost part of the antenor lobe 
of the cerebellum 

This findmg, rve believe, offers anatomical support for the theorj’’ of topographical 
representation of the cerebellum as advanced in recent j'ears by physiologists, namelj 
that the tail, leg, arm and face are represented m the anterior lobe anteroposteriorlj 
in that order 


EXPERIMENTAL RESULTS 

Experiment 1 Spider monkey series no 13, adult male Spinal transection at Ca^ 
Operated 1 Sept 1944 Sacrificed 1 Oct 1944 Sumnk-Davenport preparation 
A compact bundle of degenerated fibres is present m the peripherj'' of the antero- 
lateral funiculus just above the lesion The ventral spinocerebellar tract is dis- 
tinguished from the other components of Goivers’ fasciculus by its comparatn ely 
small size, bj the closer aggregation of the fibres, and b}^ its i entrolateral position 
i\ Inch is maintained throughout the cord 

In the lower medulla, the degenerated fibres in the ventrolateral fasciculus of 
Gow ers can be folloived to the region of the nucleus lateralis medullans where thej 
occupi a triangular area between the mferior olne and the descending trigemmal 
tract Here, some of the fibres, mosth those of large size, \ eer medialw ard to the 
reticular formation dorsal to the mferior olne and the remaining fibres proceed 
farther ccphalad While ascending to the level of the caudal end of the pons, the 
cerebellar fibres turn dorsallj and occupi the dorsolateral margm of the medulla, 
arching around the brachium conjunctimm Some of them turn backwards, passing 
along the medial wall of the supenor cerebellar peduncle and the others course 
through the anterior medullary lelum to the cerebellum In transierse sections 

* This paper constitutes a part of a dissertation ‘Segmentation lamination and topographical projection 
of the nervous svstemivith spcaal reference to the tail of -itclcs' presented m 19-10 bv H T C to the 
fncultj of the Graduate School of \ ale Universitj m eandidaev for the Degree of Doctor of Philosophj 

21 2 



304 


Hsiang -Tung Chang and Theodoie C Ruch 
taken at the level of the exit of the vagus nerve, the spinocerebellar fibres appear in 
deLTT ‘''= descending tngem.nel tract, aS a ten 

tSZr^e. St? r ““ “ “f «■<= cerebellum between the nude, 

g e latter fibres are considered to be those passing to the uvula and p^Tnnns 

n le sections taken at the level of the eighth nerve and also at the anterior end 
of the dentate nucleus of the cerebellum, the backward course of the spinocerebellar 
n res along the medial border of the superior cerebellar peduncle is found Heic, the 
degenerated fibres are seen distributed along the median plane of the anterior lobe of 
the cerebellum 

From sections taken at the level of the pons, the dorsalward shifting of the ventral 
spinocerebellar tract and the termmation of degenerated fibres in the lingula and the 
lobulus centralis are shown 

The degenerated fibres in the anterior lobe are strictly confined to the median plane 


Expenment 2 Sptdet monkey senes no 14, adiclt, female Left spvml hemtsecUon at 
Cay Opetated on S Sejit 1944 Sacrificed 26 Sept 1944 Swanl-Bavenpoit 
preparation 

The degenerated fibres resulting from the left hemisection of the spinal cord at the 
first caudal segment are piesent m the fasciculus of Gowers on both sides, but those 
on the right side, which originate from cells at the site of the lesion on the left, arc 
much fewer m number 

At the level of the pons, the cerebellar components of Goweis’ fasciculus shift 
doisally to the doisolateral border of the brachium conjunctivum, curving around 
the dorsal aspect and then the medial aspect of the superior peduncle, and finally 
entering the cerebellum 

The distribution of the degenerated fibres in the cerebellum is similar to that seen 
in Exp 1 In addition, the number of degenerated fibres to the left of the median 
plane of the anterior lobe is much greater than on the right side Tins seems to be an 
mdication of the predominant ipsilateral termination of the ventral spinocerebellar 
tract The fibres cross in the great anterior cerebellar commissure No degeneration 
products are found in the lateral extensions of the anterior lobe, in the parafiocciihis, 
or in any other part of the cerebellar cortex 


Expenment 3 Spider monkey senes no 17, l-yeai-old female Spinal Iranscclion at 
Cay Opeiated on 28 Nov 1944 Sacrificed 11 Dec 1944 Sivank-Davcnpnrl 

pi eparation 

The medulla and the cerebellum Avere cut in sagittal sections m order to gam 
a better orientation of the degenerated fibres m the cerebellum In the sections from 
the most lateral part of the medulla, the course of the degenerated fibres m he 
fasciculus of GoAvers is distinctly stained At the caudal end of the 
degenerated fibres present a wavy appearance They weave tlirough the cc gr p 
the nucleus lateralis medullaris, Avhich probably receive no terminations o fj o 


are 
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some of its fibres are graduallj dispersed and probably terminate m the reticular 
formation The large dorsal portion goes towards the floor of the fourth ventricle, 
beneath which the degenerated fibres are further dmded mto two subgroups One 
group turns backv, aids to the cerebellum, chiefly by way of the antenor medullar j 
velum and the other group, mcluding the spinotectal and spinothalamic fibres, 
contmues on to the midbram and thalamus The distribution of the degenerated 
fibres IS shown m a sagittal section of the cerebellum (PI 1, fig 1) Degenerated 
fibres commg from the anterior medullary velum are shown Degeneration products 
are abundant in the Imgula The degeneration m the lobulus centralis (lobulus 2 of Bolk) 
IS apparently heavier than m the lobulus 3 of Bolk Only a few fibres enter the 
antenor margin of the large medullary lamma m the culmen In the postenor part 
of the cerebellum, i e , posterior to the fissura prima, only the upper and lower lips 
of the fissura secunda receive degenerated fibres from the ventral spinocerebellar 
tract (PI 1, fig 2) The postenor part of the culmen, the lobus simplex, the dechvus 
and the nodulus are virtually free of degeneration All the degeneration products are 
confined to the white matter 

To summarize In the spider monkey the ventral spmocerebellar tract can be found 
in the lowest segments of the spinal cord In their course through the spmal cord and 
medulla, the fibres in this tract always occupy the most peripheral region and are 
immediately external to, and partly mmgled with, the spmothalamic fibres They 
enter the cerebellum by way of the anterior meduUarj' velum and the anterodorsal 
aspect of the superior cerebellar peduncle On reachmg the cerebellum some fibres 
cross through the rostral part of the great antenor cerebellar commissure and both 
the crossed and uncrossed fibres run to the Imgula, the lobulus centralis and the 
anterior folia of the culmen No fibres go to the postenor culmen or to any part 
posterior to the fissura prima except an isolated bundle to the walls of the fissura 
secunda After a transection of the spmal cord at Ca^ the se^ crest degeneration was 
found in the lingula and the anterior folia of the lobulus centralis, only a few fibres 
could be traced to the anterior part of the culmen and the walls of the fissura secunda 

DISCUSSION 

In all of the three experiments described aboxe, the lesions were made at the first 
caudal segments Because the dorsal spmocerebellar tract in the caudal cord is not 
prominent and cannot be easily traced to the higher le^ els of the brain, the degenera- 
tions observ ed m the cerebellum are chieflj those contnbuted by the ventral spmo- 
cerebellar tract 

In 1909 McNalty & Horsley, workmg chiefly on macaques, concluded that fibres 
of the \entral spmocerebellar tract terminate in the whole anterior lobe of the 
cerebellum except the hngula How e\ er, the termmation of the \ entral spmocerebellat 
tract m the hngula has been demonstrated since then bj Ingi ar (1918), and Beck 
(1927) m the cat, and Anderson (1943) in tlie rat McNaltj «L Horsley's failure to find 
termination of spinocerebellar fibres in the'lingula might be associated w ith the poorly 
de\ eloped caudal segments m the macaque 

It is suggestu e that such a large number of ventral spmocerebellar fibres should 
terminate in the hngula of the spider monkey, w Inch has a verj highlj de\ eloped tad, 
and tliat the amount of degeneration in the Imgula after a cemcal anterolateral 
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'rf «>■“ ■■““'‘“g fr® a caudal transcct.ou 

on^A ^ the caudal segments of the 

cord wluoh are largely related to the prehensde tad m tins an,mal 'our 

afford an anatomical basis for the recent physiological findings of Adrian (1943), 

Wnlr * Anderson (1942), and Hampson, Harrison 1 

Woolsey 1945) Adrian demonstrated by electrical methods that sensory impulses 
from the lower part of the body are projected to the rostral end of the anterior lobe 
of the cerebellum and those from the upper part of the body, to the posterior end 
Snider & Stowell found that the somatotopic projection on to the cerebellum is m the 
same order as that postulated by Adrian Hampson ei al described a sequence in 
the somatotopic localization of motor function in the cerebellum, with the tad end 
at the Imgula IMore recently (1946) they reported tliat the strongest motor effects 
m the tad were obtamed by electrical stimulation of this particular region It is, 
therefore, probable that both afferent and efferent cerebellar mechanisms for the tad 
are situated in the lingula Another clue to the functional significance of the lingula 
IS its special development in the sea mammals, in which the tad is a well-developed 
propulsive and ‘ steering ’ organ whereas the limbs are retrogressive 

The ^cerebellum of the spider monkey is characterized by a large and laterally 
expanded paraflocculus which Bolk (1906), from a morphological and phylogenetic 
point of view, related to the development of the tad in this animal Bolk’s correlation 
of the paraflocculus with the tad is probably correct, although the theoretical basis 
of Ills statement is no longer valid He regarded the tad of the spider monkey as an 
organ of balance, functionally similar to the tad of whales This is, however, not true 
His second assumption that the paraflocculus is concerned with body equilibrium is 
unlikely, m view of the present knowledge of the cerebellum According to the 
analysis by Larsell (1947), the paraflocculus belongs to the corpus cerebelli and is 
distinct ontogenetically from the flocculus It has no fibre connexions with the 
vestibular apparatus Thus, the explanation of the development and the bulk of the 
paraflocculus m tailed animals has to be found in a different direction As first 
demonstrated by Ingvar (1918), the paraflocculus has afferent connexions from the 
spinal cord In our material, the degenerated fibres could not be followed as far as 
the paraflocculus, but could be traced to the upper and lower lips of the fissura 
secunda, i e , to the inferior part of the pyramis and the superior part of the uvula 
It should be noted in our PI 1, fig 2 that the degenerated fibres are sharply confined 
to the lower half of the medullary lamina of the pyramis and the upper half of the 
arbor vitae of the uvula This distribution of the afferent fibres from the caudal 
region of the cord is perhaps a clue to the function of the paraflocculus, since 
according to Larsell & Dow (1935) the paraflocculus is derived from the pyramis 

and uvula SUMMARY 

The degenerated ventral spinocerebellar fibres, after spinal transection or 

at CaX three spider monkeys, have been traced to the anterior part o he anter.^^ 

lobe of the cerebellum, with the heaviest degeneration in the lingula 

foto of L lobulu. oentrata No degenerated fibres go ‘o 

eulmen or to any part posterior to the fissura pnma eaeept a few fibres to the 

of the fissura secunda 
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EXPLANATION OF PLATE 

Fig 1 Photomicrograph from a sagittal section of the cerebellum, illustratmg the fibre degeneration m 
thelmgula and the antenor foUa of the lobulus centralis 13 days after spmal transection at Ca^ The 
square in the mset figure mdicates the location of the section photographed Spider monkev no 17 
Fig 2 Photomicrograph from a sagittal section of the cerebellum, showing the distribution of degenerated 
fibres in the medullary lammae above and below the fissura secunda Spider monkey no 17 
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TWO EARLY HUMAN EBIBRYOS 


By w R M MORTON 
Department of Anatomy, Qtieen's Dmvemiy, Belfast 

The two embryos described here were given to me by Prof J H Biggarfc, ^^ho had 

recovered them from curettage material removed by Prof C H G Macafcc, I ha^e 

named the older specimen the Biggart Ovum and the younger the Macafec Omuu 
i he material was fixed m formol-salme and later transferred to formol-Zcnker , it %%as 
embedded in paraffin, cut at 6/i and stamed -with liaemato vjdin and cosin 


THE BIGGART OVUM 

The Biggart ovum was recovered from a woman aged 24 years, married 7 years, one 
child 4 years 8 months, no miscarriages, menstruation began at 15, 7-day loss 
recurrmg very regularly every 21 days, last menstruation stated to have ended 
29 June, admitted to hospital 12 July and curetted 16 July, coitus said to have 
occurred only once between the end of menstruation and admission, probably on 
2 July and certainly between 1 and 5 July 
The specimen consists of a piece of endometrium in which the ovum is very siijicr- 
hcially implanted (PI 1, fig 1) Examination shows the preservation to be good and 
that only some peripheral villous material and one section containing embryonic 
material proper are missing, but some of the sections are a little distorted It nas 
found to be cut almost vertically to the embryonic shield and obliquely at 13° to its 
sagittal plane The primary measurements in millimetres of the o\nim and its parts 
are as follows 



Antero 

postenor 

Vortical 

Transv erso 

Trophoblast, external, 
including the vjlh 

2 63 

2 10 

1 08 

Trophoblast cavity 

163 

105 

0 83 

Shield ectoderm 

0 27* 

0 027 

010 

Amniotio cavity 

0 22 

010 

010 

Yolk sac cavity 

019 

0 82 

0 18 


♦ Taken diagonally from the graphic reconstruction 


The endometrium shows early decidual reaction and contains peripheral syncytiinn 
beyond the limits of the trophoblastic shell , there is no 7one of necrosis The glands 
are dilated and in the saw-tooth phase, they contain extravasated blood and secretion 
Large blood sinuses are present beneath the ovum and seem to have limited the 
villus formation over one part of the vesicle The site of entry is v idc and filled vit i 
the thin ab-embryomc wall of the chorionic vesicle covered by a thin lajcr of 

a chorionic mesoderm, consists of cytotro- 
illi are present over most of it, but arc absent 
part of the deep surface near a large \ cnoiis 
mn a mesodermal core and some h.a e begun 

to branch 


schlusscoagulum, there is no operculum 
The trophoblast, which is lined with 
phoblast and syncy tiotrophoblast, and v 
over the superficial surface and over one 
sinus (PI l,fig 1) Manyofthevilhcont 
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The chorionic -vesicle contains a granular coagulum surrounding the embryonic 
rudiment, which consists of an embryonic shield, a small amniotic ca-vntj^ , and a larger 
yolk-sac -which is contmued by a long narrow tubular duct mto a large uregular 
expansion (Text-fig 1) The embrjmmc rudunent is joined to the chonomc mesoderm 
first by a broad connecting stalk attached to the amnion, and secondh by mesoderm 
at the distal expansion of the yolk-sac (Text-fig 1) 



Text-fig 1 Drawing oCvrax model cut to show the relations ofthe embryonic mass ^ C Ammotic cavitj 
Gh M Chonomc mesoderm 1 S Yolk sac 
Test-fig 2 Scale diagram of surface view of the embryomc shield 

The embrsmme shield is a broad oval in dorsal -View and is not quite symmetrical 
about Its long axis (Text-fig 2) It is slightly convex to-wards the amniotic cavity 
Its margins are continuous with the thinner amniotic ectoderm, the transition being 
clearly marked (PI 2, fig 4) The shield ectoderm consists of high columnar cells 
wluch m places appear to be stratified, but this is due to the obliquity of the section, 
those of the centra! area are larger than those nearer the margin and are more 
vacuolated and granular At the posterior end of the shield and reaching its margin 
there is a median linear strip of lighter more looselj arranged polyhedral cells 
(PI 2, fig 5), the strip extends oxer six sections and as measured by reconstruction 
IS 0 059 mm long and 0 030 mm broad, that is, it is a little more than one-fifth of the 
length of the shield (Text-fig 2) The cells forming it are continuous in front and at 
the sides w itli the general shield ectoderm, and below they are m close contact wnth 
the gut endoderm but can be distinguished from it, there can be little doubt that it is 
the primitive node and streak 



w R M MoHon 

of specimen lies in the condition of the yolk-sac Tlic form 

of its three parts is shovvn m Text-fig 1 The Avail of the Ailiole of the proxmial part 
consists of a single layer of round or oval cells much smaller than tlie overl in! 
ectodermal cells and easdy distinguishable from them Cells of the same kind bound 
a small Avide diverticulum Avhich passes backivards, beloAV the level of the eonneetnm 
stalk under the posterior end of the slueld, Avhich may represent the allantoic 
diverticulum or may be a part of the expanding yolk-sac Avhich is later incorporated 
m It as described by Floriaii (1930) The cells lining the duct part of the sac aic 
cuboidal m form, have large round nuclei and are arranged in a single continuous 
layer (PI 1, fig 2) , on the whole they are slightly larger than the cells of the proximal 
part The cells lining the distal expansion (PI l,fig 3) gradually change from cuboidal 
above to thin flattened squamous-Iike cells beloiv, and over the greater part arc 
easily distinguishable from the covering layer of mesoderm, but the central part of 
the ab -embryonic wall is very thm and consists of a single layer of very flattened 
cells the nature of Avhich, endoderm or mesoderm, I am unable to decide 

The mesoderm covers the duct and the proximal part of the yolk-sac and is 
a continuous layer over the amnion, it forms the broad irregular connecting stalk 
Theie is a small amount of intra -embryonic mesoderm in the peripheral run of the 
embryonic shield Avhich is directly continuous Avith the extra-embryomc mesoderm, 
and m the angle between the anterior end of the shield and the yolk-sac there is 
a more loosely arranged mass of mesoderm which may Avell be the protocardiac nica 
Theie aie a feiv projections, AVith indications of cavity formation, m the mesoderm of 
the proximal yolk-sac and cavities in the chorionic mesoderm, especially m the region 
of the connecting stalk (PI 2, figs 4, 5), these have been taken to be the first evidences 
of angiogenesis 


Discussion 

The next menstruation, from the history given, should have begun on 14 July, and, 
taking OAOilation to have occurred 14 ±2 days before this, the single coitus probably 
on 2 July, falls AVithin the probable period of ovulation 28 June to 2 July , the probable 
coital age is thus 13] days The general dimensions, structure and diflercntiation ot 
the embryo, and the appearances of the decidua agree AVith this estimate and place 
the ovum in Streeter’s (1942) Group VII, and in comparison AAith known o\a it 
appears to be more developed than embryo No 7801 (13] days) of Ileuscr, Hock and 
Heitie (1945), of about the same stage as the Yale embryo (14 days) (Ramsey, 1938), 
and younger than the Falkiner ovum (15-17 days) (Martin & Falkiner, 1938) he 

interest lies in the hitherto undescribed form of the yolk-sac 

The presence of a duct-like process leading distally from the yolk-sac 
to the chorionic mesoderm Avas described by Bryce (1924) in the ovum I B 2 and he 
Totrf that similar formations ivere pmsent in other ova (Schlagonhan for and Voroo.y 
Fetter Stralil-Benecke) and that in the Frassi ovum there is a dctacl.cd 

.itU e.>"ne,.s Ir U.'’ 

ctemmel^y. The vails of which are for 
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a vacuolated group of cells, to the j olk-sac The same authors also describe in embrj o 
No 7802 (16^ days) a tapering funnel-shaped ventral process of the yolk-sac the 
mesodermal lajer of nhich can be traced, as a fine filament, across the chononic 
cavit)'- to the mesoderm of the opposite side Heuser & Wislocki (1933) ha\e shown 
in the sloth (Bradypus gnseus) that m early stages there is a chononic attachment of 
the ab embiyonic wall of the yolk-sac and the formation of two yolk-sac ^eslcles 
connected, for a time, by a narrow duct Later the connectmg duct disappears, 
leaving a definitive yolk-sac under the shield and an endoderm-hned cyst-hke ca^ntJ 
attached to the ab-embryomc wall of the chorion Martin & Falkmer (1938) state 
that the yolk-sac of the Falkmer ovum is partially dmded mto tw o by a septum , and 
that the endoderm lining the cavity of the jmlk-sac dorsal to the septum is cuboidal, 
and the endoderm of the part ventral to it is thm, flattened and smooth, e\cept at 
the extreme ventral pole where it also is cuboidal They also give details of a similar 
partial subdivision of the yolk-sac in a 13-day-oId macaque embrj o (No C 571) and 
state that the differences of the tw o types of endoderm are more evudent than m the 
human They offer tw o explanations for the occurrence of the divosions of the jmik-sac 
They state first (p 257) that the grooves (external to parts of the septum) probablj’’ 
represent the earliest sign of the foldmg-off of the embryo, and that they separate the 
gut endoderm dorsally from the j'olk-sac vesicle endoderm ventrally, as suggested by 
Streeter On p 266 thej state that if the process of takmg up evagmations of the 
yolk-sac ‘ had gone a little further the septum partially dividing this region of the j olk- 
sac would have disappeared and the part of the allantois situated in the caudal wall 
of the yolk-sac’ (i e delow the septum) ‘would have been mcorporated m the yolk-sac 
cavity’ This implies that some of the thm flattened endoderm assigned earlier to the 
yolk-sac vesicle becomes transformed mto cuboidal gut endoderm It is apparent, 
however, from a study' of the Falkmer ovum, that the partial division of the yolk-sac 
seen in it is of a different nature from that seen m the present specimen The endoderm 
cells lining the duct part of the j olk-sac of the Biggart ovmm are slightly' larger than 
the cells Ij mg below the shield ectoderm and Immg the proximal part of the y olk-sac 
cavity It IS only' m the distal expansion of the j'olk-sac that the Immg cells become 
thin, flat and smooth, and m part of the ab-embrj'onic wall they' are even more 
flattened and are either endoderm alone or mesoderm (PI I, fig 8) The appearances 
in the Biggart ovum are much more suggestive of the condition found m the 12-somite 
sloth This stage could easily lead to the condition found m the IS^-day human 
(No 7801) by Heuser et al or to that m the 38-somite sloth embryo The appearance 
of the endoderm cells of the ab embryonic parts of the v esicle possibly is due to 
a slow rate or absence of division of the cells, or perhaps to a falling off of the activity 
gradient and to relatively poorer nutrition at the ab-embryonic region The ‘ stretching- 
out’ of the yolk-sac by the expansion of the whole chononic vesicle, to which the 
yolk-sac is attached, probablj is the direct cause of the thmning of the distal j'olk- 
sac cells, the duct cells reniaming, or becommg, cuboidal because of the small 
diameter of the duct relativ'e to the rest of the j'olk-sac 

The origin of the endoderm cells Immg the yolk-sac still remams uncertain The 
spread round of tlie endoderm cells from the periphery of the embryonic endoderm 
as seen in the macaque j olk-sac, must, in the human, be either v ery rapid or altoo-ether 
omitted If tlie spreadmg of endoderm cells round the mterior of the exo-coelomic 
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membrane is absent or only partial, then the yolk-sac cells, as distinct from t).. 
endoderm cells below the shield ectoderm, must arise by delammation fmn ! 
preeocious mesoderm formmg the exo-coelomic membrane as is stated to be the 

p le of the yolk-sac may suggest a migration of endoderm cells from the original 
mbryonic endoderm cells, the migration not having been completed, the single faj cr 
present would then be described as mesoderm But, alternatively, the delammation 
process may have been delayed over the less %vell-nourished ab-embryomc region or 
the second layer of cells may have already disappeared It is unfortunate that the 
histological appearances are such that one cannot be certain uhetlicr this la}cr 
belongs to endoderm or mesoderm 

Whatever the exact mode of origin of the endoderm cells may be, it is evident that 
this ovum' illustrates a stage in the formation of the human definitive yolk-sac 
intermediate between that described by Hertig & Rock (1941) for ovum No 7700 
(12 2 days) and that by Brewer (1938) for the 15-day Edwards-Jones-Brewer embrj o 
Also that this stage, which has not previously been described for man, resembles the 
similar stage in the 12-somite sloth, and closely resembles the condition postulated 
by Hamilton, Boyd & Mossman (1945) in their scheme for the development of the 
yolk-sac 


THE MACAPEE OVUM 

The Macafee ovum was recovered from a woman aged 26 years, her last menstruation 
was from 20 to 26 January, coitus occurred on 22, 25 and 30 January, she ^\ns 
admitted to hospital on 3 February and was curetted on 5 February, the expected 
date of her next menstruation was H February 

The material obtained from the curetting was cut into a diagnostic section and 
fifty-one serial sections separated from the former by a small interval due to loss of 
sections The diagnostic section, of which PI 2, fig 6 is a photograph, is ncaiest the 
centre of the ovum, and shows an endometrium well prepared for implantation The 
endometrium is not grossly oedematous and there is no marked leucocytosis and no 
large haemorrhagic areas Some capillary sinusoids were found to communicate u ith 
the spaces in the outer parr of the trophoblast The glands arc dilated, but do 
not contain blood or pent-up secretion, some of them are being engulfed by the 
syncytiotrophoblast and their cells are disintegrating in the trophoblast siintcs 
There is no necrotic zone, and no syncytial masses of peripheral trophoblast vcrc 


seen 


The ovum, which from the wax-plate reconstruction is seen to be ovoid in form, is 
very superficiaUy embedded so that a large part of it is exposed and uncovered bv 
uterine tissue The measurements of the largest section are trophoblast, maximuni 
external 1 13 x 0 63 mm and trophoblast cavity 0 58 x 0 33 mm The trophoblast 
wall consists of two layers, an mner of large cuboidal cells lining the cavity am 
proiecting outwards as cell columns, and an outer thin covering la> er of syncj tiu 
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a coaguluin and onlj a small amount of maternal blood cells The trophoblast is Imed 
internally ^Mth a layer of extra-embrjonic mesoderm uhich does not mdent the 
trophoblast columns In the section nearest the centre of the o^mm (PI 2, fig- 6) the 
mesoderm forms what appears to be an e\o-coelomic membrane, but this cannot be 
traced in the more peripheral sections , there the mesoderm is smaller in amount and 
forms a much thinner layer There is no embrj onic rudiment 

Discussion 

The superficial implantation and the general histological appearance of the speci- 
men indicate that the o%mm was probably d>nng and being cast off by the maternal 
tissues The coital and menstrual histones are believed to be reliable, and assuming 
that the coitus on 25 January was the fertile one, give to the ovum a ma-umum 
coital age of lOl days The measurements of this ovum, as compared with other 
pre-villous ova, notably the Hertig & Rock ova (Carnegie Nos 7699, 7700, 7950 and 
8020), the Davies-Hardmg, Barnes, Miller, Dible and West, Kleinhans, Werner, 
Scipiades and Marchetti ova, also place it between 9 and 13 days of age In appearance 
it closely resembles that of Carnegie No 7950 (Rock & Hertig, 1942) The engulfment 
and disintegration of the uterine glands by the sjmcytium are imusual m an o\’Tim of 
this early stage of de% elopment and indicate that the im asn e power of the sjmc}dium 
must, at one time, have been considerable 

SUMMARY 

Tu o human ova recovered from uterine scrapings are described The older specimen 
(14dajs) is normal, but is rather superficially embedded It shows a large yolk-sac 
vithproMmal and distal dilatations connected byanarrov tubularduct Theproximal 
ind duct parts are lined ■« ith cuboidal cells The distal expansion is partially Imed 
■Nsith flattened endoderm cells and also shows an area one cell m thickness over the 
ab-embrjmmc pole The significance of the appearance of the yolk-sac and the general 
position of the ovum mth regard to other early human ova are discussed 

The younger ovum (10 days) is mcomplete It is superficially embedded, and 
probably pathological Erosion and engulfment of the uterine glands have occurred 
at an earlier stage than is usually described m the human Its probable age and its 
general chronological position are discussed 
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EXPLANATION OF PLATES 
Figs 1-5 are of the Biggart ovum, fig 6 of the Macafee ovum 

Plate 1 

Fig 1 The ovum tn situ Sect 81 x 38 

Fig 2 The duct part of the yolk sac The distal end is inferior Sect 77 x 375 

Fig 3 The distal expansion of the yolk sac The end of the duct just appears aboic, on the left 

Sect 77 x376 

Plate 2 

Fig 4 The embryonic rudiment The distal expansion of the yolk sac is not figured Sect 81 x 140 

Fig 5 The openmg of the duct part mto the distal expansion of the jolk sac vhich shoiis its thin 

ab embryomc wall below Sect 76 x 95 
Fig 6 The Macafee ovum in sUu Diagnostic section x 65 



Join nal of Anatomy, Vol 83, Po?^4 


Plate 1 



MORTOX— Ta\o 


EABL\ UUJUN EMBJfVOS 





Plate 2 


Journal of Anatomy, Yol 83, Po>/4 






[ 315 ] 


OVARIAN AUTOGRAFTS IN MONKEYS 

By ANITA jM jVIANDL and S ZUCICERMAN 

Department of Anatomy, University of Birmingham 

Four mam and conflicting conclusions emerge from the cNtensive literature on the 
origin and development of 0 's a m 'sertebrates (Hejs, 1931, Everett, 1945) The first 
IS that the parent cells of the ova are segregated very earlj’’ from the soma, and 
migrate in man from the yolk-sac (Witschi, 1948) to the genital ridge irhere they 
establish themselves in the germinal epithelium The second combmes this viev v ith 
the assumption that elements of the germinal epithelium dern ed from the mesothe- 
hum of the genital ndges also produce germ cells The third presupposes an early 
and CNtragenital segregation of primordial germ cells, but holds tliat these all 
degenerate, and that m the differentiated gonad only the germmal epithelium produces 
o\a The fourth denies any early segregation of germ cells, and attributes to the 
germmal epithelium the total potencj' of the bodj to produce germ cells 

The unsettled nature of the problem is further e\emphfied by the literature on the 
formation of germ cells after puberty Here there are three mam neus The first 
IS that all the ova that are going to appear in the life cj cle of an individual do so 
before pubert} The second is that the germmal epithelium continues to produce 
germ cells throughout reproductive life, and m phase is ith the oestrous or menstrual 
cjcle The third is that not onlj' the germinal epithelium but also other, as yet 
unidentified, cellular constituents of the ovary produce ova 

Discussion of these various matters has usually folloiied hard and fast lines, in 
the sense that most authors have regarded one conclusion about the origin and 
formation of the germ cells as bemg incompatible with any other The evidence also 
clearlj' demonstrates the great difiicultj' of using purely histological observations 
of normal material as a basis for conclusions about the temporal phases of djoiamic 
processes Indeed, the issues have become so mvolved and confused that it uould 
seem unlikely for anj’' of the conflicts to be resolved except by the study of purely 
experimental material 

One piece of e\ idence that has been adduced in fai our of the view that the germmal 
epithelium is not essential to the formation of germ cells is the presence of ova in 
01 anes from i\ hich it has disappeared In an extensive series of experiments on the 
rat, gumea-pig, cat, and opossum, Moore & Wang (1947) haie shown tliat corpora 
lutea and actn e follicles in all stages of development are to be found a i ear after 
the germinal epithelium has been eliminated by the application of salicylic acid to 
tile oiarian surface Follicles in iar 3 Tng stages of development haie also been 
reported m ovarian grafts iihose germmal epithelium has been completelv replaced 
bj fibrous tissue (eg, Marshall & Jollj, 1907, 1908, Pettmari, 1928, Brevard & 
Zuckerman, 1949) In so far as it is impossible to differentiate between the persis- 
tence of pre existmg follicular elements and the neo formation of ova from unidenti- 
fied cells in the ovarian substance, none of this evidence is in itself conclusiie, it is 
lion ever, useful to the solution of the general problem 
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as™ 

l^nl I f 1 " unspecified type of monkey on to 

he peritoneum of another unspecified monkey At the same time, tliey rcmoiTd 

the host s ovaries and transplanted them also on to the peritoneum When it vas 
killed 2 months later, the host’s own ovaries were still in their new position, altliough 
they had undergone a certain amount of fibrous degeneration’, whereas the homo- 
graft ovaries had been completely absorbed The heterotypic grafting of monkey 
and ape ovaries into human beings achieved great notoriety in association vith the 
name of Voronoff Hannan (1931) has attempted the reverse procedure and has 
grafted human ovaries into rhesus monkeys, but vnthout success None of the 
voluminous literature on ovarian grafts m Primates contains any quantitative 
appreciation of the results or of the histological changes 


MATERIAL AND METHODS 

The tissues whose histological study forms the basis of the present repoit were 
taken from two adult rhesus monkeys {Macacus inulatta) which were used in experi- 
ments (in 1933 and 1934) designed to disclose a possible neural factor in the control 
of menstrual bleeding (Zuckerman, 1938) An account of the experiments has not 
been published hitherto, and is therefore given here 


E!cpemnent 1 (i)/?« 77) 

The animal, which weighed 5 3 kg , was operated upon on the first day of a menstrual 
cycle After being anaesthetized with nembutal, given mtraperitoncally, tlie abdomen 
was opened, and the ovaries removed A number of small follicles, none bigger tlian 
2 mm were visible on the surface of the right ovary, and on its supero-mcdial aspect 
was an old corpus luteum, with a surface scar The left ovary shoved the stigma of 
an apparently very recent corpus luteum The ovaries were transplanted into the 
eyes The lids were retracted at the lateral canthus, and after trimming at the hiliim 
and both poles, the ovaries were transplanted whole into the posterior chambers 
of the eyes There was some escape of vitreous humour, but very little bleeding 

Tenon’s capsule but not the sclera was stitched 

The animal rapidly recovered from the operation and retained effective vision 


She died 10 months after the transplantation 

The eyes were fixed in formalin, serially sectioned at 20 fi and stained vith Meyer s 

haemalum and eosin rr ,.r 

In the 10 months after the first operation, a study was made of the cITcc 

interruption of sympathetic impulses along the cervical sympathetic chains and 
spinal cord Uterine bleeding occurred for the first time 158 days after the tra - 
pLtation of the ovaries The ahimal then experienced menstrua eyde 

lasting 44, 45 and 42 days respectively She died on the sixteenth day o c s 
mg cycle, her weight at death being 5 1 kg 
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Histological study 

Everj" section was examined, and all follieles the ova of which showed a nueleolus 
vere counted They vere classified into six tj^ies (see below), and differentiated as 
normal or atretic This classification is similar to the one previously used by Green 
& Zuckerman (1947) 

Experiment II {Mm 88) 

This adolescent rhesus monkey weighed 4 kg when operated on The trans- 
plantation vas carried out in the same nay as in the first experiment, except that 
the sclera as n ell as Tenon’s capsule was sutured She made an uneventful recovery, 
but her ^ ision was much impaired bj’' the operation 

The animal died 11 months later Dunng this mterval she nas given four courses 
of gonadotrophin mjections, and a study was made of the effects on the menstrual 
cycle of general vaso-motor shock and of mterruption of sympathetic impulses m 
the cemcal chains 

Four phases of uterme bleedmg occurred during the 11 months after the ovanes 
Here transplanted 

At autopsy no ovarian tissue was found m relation to the Fallopian tubes of either 
animal 


RESULTS 
Mm 77 

Left ovary The ovary had fixed itself to the posterior surface of the lens, its lateral 
extremity on the attachment of the suspensory ligament The retma m many places 
shoved pathological change 

The maximum dimensions of defined ovarian tissue are 7 5 mm long, 2 65 mm 
wide and 1 5 mm thick The tissue is veil vascularized and compact, and is covered 
behind by flattened cells different in appearance from normal germinal epithelium 
No epithelium covers the anterior surface, which is attached to the capsule of the 
lens 

The ovarian stroma contams many epithelial elements Healthy ova are absent, 
but there are the remains of a few primordial follicles undergomg atresia There are 
many follicular cj^sts, the largest of which is irregular in shape and 0 7 mm m 
diameter A large corpus luteum is present 

Right ovary The o\ ary implanted itself mto the lateral part of the eyeball within 
the sclera, its anterior pole abutting on the lachrymal gland The ovary is compact 
and had retained a more normal ovarian appearance than its fellow (Text-fig 1) 
Its maximum dimensions v ere 8 8x5x3 mm 
The retina of this eye appeared to be healthy, and the lens was not occluded 
The o^ ary contained three distinct, and two ill-defined corpora lutea, as well as 
man} follicles (PI 1, fig 1) The largest follicle measures 2 5x22 mm m the stained 
preparations The tvo most recent corpora lutea (PI 1, fig 2) are situated in the 
half of the ovar> adjacent to the lachrjTnal gland, and are separated from each other 
b} a large atretic follicle There is no sign of lutemization m an} of the larger follicles, 
nor of anv germinal epithelium 

Anntomj 83 oo 
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Ihe follicles were classified as foUows 

T™! I ™ Sranulosa cells 

IvJ^c a auboidal granulosa cells 

lype 8 two layers of cubo.da! granulosa cells 

;^e 4 three layers of cubo.dal granulosa eells 
Type S more than three layers, but no antrum 
■1-ype 6 antrum present 



Text fig 1 Schematic diagram of nglit ovary of 5Im 77 


The total number in the ovary were 


Normal 

Atretic 

Total 


Typo 1 

121 

145 

266 


Type 2 
6 

29 


Type 3 
6 

24 


Typo 4 

2 

6 


Typo 5 

4 

7 

11 


Tjpo 6 

1 

1 


35 30 8 


Total 

no 

212 

371 


Mm 88 

Lejl ovary The ovary had implanted itself mto the base of the ciliary body, v Inch 
was completely disorganized It measured 2 5x24x1 mm , and was not as compact 
as its fellow In places the cortical zone appears to be incomplete There was no 
sign of germmal epithelium 
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N’o health's folhcles containing ova were found There ivere many degenerating 
folhcles enclosing hj aline plaques, whose indistmct outlines were reminiscent of 
a degenerating zona pellucida Some follicles had a vascular core, others seemed to 
be solid balls or cylinders of granulosa cells 

B^ght ovary The o vai^' has a tjqiical ovoid form and except at one pomt is embedded 
completely in a mass of new tissue which stretches' obliquely between the lens m 
front and the posterior wall of the wtreous behmd (Text-fig 2) The choroidal 



attachment of this mass of tissue is in the form of a prismatic pedicle The maximum 
dimensions of the oi ary in the stained preparations are 3 75 x 2 x 1 8 mm It 
consists of a core of \essels and fibrotic atretic follicles, which have undergone 
hyaline change, surrounded by dense chromophil cortex consisting of closely packed 
stromal cells and ovarian epithelial dements The maximum diameter of the cortical 
zone m the stained preparation is about 0 2 mm Germinal epithelium was not 
recognizable 

Within the dense or anan cortex can be recognized aggregates of granulosa cells 
and cornified plaques of the kind obserr cd m the left or arj There is only one large 
follicular cyst, irregular in shape, 0 6 ram m diameter No healthy or atretic follicles 
rrith nucleus and nucleolus at any stage of development could be seen, and the 
appearances suggested a greatlj enhanced rate of follicular atresia 

Uterine bleeding occurred m this animal, in spite of the absence of all cjclic 
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structures in the ovary This observation can be correlated vith the fact tlmt 
oestrous cycles continue in mice whose ovaries after X-ray sterilization no longer 
exhibit any cyclic changes (Parkes, 1Q26, 1927 a, b, and c) ^ 


DISCUSSION 

The view generally held by those who attribute the development of ova cntireh to 
the germinal epithelium is that the germ cells have a short life cycle which is corre- 
lated with the length of the oestrous or menstrual cycle (Allen, 1923, Evans czv, 
1931) The very high rate of atresia that is always to be observed m the ovaries of 
mammals undoubtedly supports this view, and makes it diTicult to su])posc that 
follicular elements observed m an ovary a year or so after the disajipcarance of the 
germinal epithelium can represent the survival of pre-existing ova 

Unless ova have a long and not a short life cycle, it is impossible not to accept 
Moore & Wang’s (1947) view, based as it is on observations of the ovaries of the rat, 
gumea-pig, cat and opossum, a year after the germinal epithelium had been destroyed 
with salicylic acid, that the presence of an active germinal epithelium is not essential 
for oogenesis This view obtains some support from the tissue-culture experiments of 
Martmovitch (1938) These showed that oocytes are formed after most of tlic germinal 
epithelium cells have emigrated into the culture medium As the cultures survived 
for only 1 month, however, it may be, as Martmovitch himself suggests, that this 
evidence should not be taken to indicate more than that the gciminal epithelium is 
not essential to the growth of the ovum after synapsis 

Further support for the view that the germinal epithelium is not essential is, 
however, afforded by observations which suggest that ovarian tissue can regenerate 
in mice after complete removal of the ovaries (e g Parkes, Fielding A Brambcll, 
1927) On the other hand, the work of Keys (1931) and Pineus (1930), which suggests 
that ‘complete removal’ in a mature rat or mouse is almost impossible because of 
the folding and lobulation of the ovary, casts some doubt on this line of evidence The 
conclusion is, however, also supported by the fact that ova arc not formed in a mouse 
ovary after sterilization with X-rays, m spite of the persistence of an apparently 
normal germmal epithelium (Parkes, 1926, 1927 a, b, and c, Brambcll A Parkes, 
1927, Brambcll, Parkes & Fielding, 1927 a, b, Parkes, Fielding & Brambcll, 1927) 
Here, on the other hand, it can be argued (Pincus, 1936) that whatever its appearance, 
the epithelium is, m fact, abnormal, m so far as X-rays have suppressed its capacity 
for oogenesis The evidence also lends itself to a third interpretation Everett (1 943) 
whose observations suggest that the ‘somatic epithelial tissue’ of the germinal 
epithelium is- distmct from its germ-cell producing elements, considers that sucli 
X-ray experiments merely show that the ‘somatic epithelial tissue -the surface 

germinal epithelium which never produces ova— is not damaged 
^ The faetthat grafted ovarian tissue may contain both follicl^ m active develop- 
ment and luteal tissue long after it is implanted may also be 

that the germinal epithelium is not essential for oogenesis This line ol CMdencc 

epithelium is no longer present in the graft, and the speed 
after grafting 
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Some ^^TIte^s, e g Pmcus (1936), hold thst the gernunfll epithehum of grafts does 
not normallj’’ disappear, ■nhile others, eg, Herhtzka (1900) and 31arshall & Jollj’’ 
(1907, 1908), state tliat it usuallj disappears entirely The latter authors haie 
reported normal oiarian tissue, presumably without germmal epithelium, m an 
autograft m a rat after 14 J months The sumval of the germmal epithelium, how- 
ever, clearl)’’ vanes ii ith circumstances Pettman (192S) suggests that the cells are 
destroyed vhen they beeome adherent to any other tissue Everett’s (1943) experi- 
ments seem to confirm this nev When he transplanted ovaries withm their bursa 
on to the kidneys of mice they frequently took without fusion, and oogenesis 
continued llTien they vere transplanted without the bursa, fusion occurred, the 
germmal epithelium disappeared, and oogenesis ceased In the experiments de- 
scribed m the present paper, and also m those of Brevard & Zuckerman (1949), the 
germmal epithelium was undoubtedly replaced by other cellular elements — especially 
vhere it vas adherent to another tissue On the other hand, m these experiments 
oogenesis, as manifested by the presence of young follicles, had not stopped 

The speed with which the germmal epithehum of an ovarian graft changes has 
been remarked upon by several authors According to Athias (1920) and Pettman 
(1928) svellmg and hyperplasia occur vnthin 2 or 3 days, and are associated vnth 
many signs of degeneration Athias found cords of germmal epithehum graving 
into the cortical zone of the graft, and he suggests that ova are formed from these 
dovTigrovths Pettman, hove\er, who has observed the same change, regards it 
as a reaction to irritation and not an oogenetic phenomenon Tamura (1927) has 
addresssed himself closely to the question of the survival of the germinal epithelium, 
and has made an extensive series of ovarian grafts onto the kidne}’’s of male mice, 
the tissue being placed just withm the kidney capsule His observ'ations v ere limited 
to the first 35 days after grafting He found that m general the follicles existing m 
a graft at operation disappear, and that they are replaced by the germmal epithelium 
vhicli remains functional and normal m appearance He makes the interesting 
obsen ation, however, that vhere adhesion occurs, the germinal epithelium disappears 
and he therefore concludes tliat ‘if the germinal epithelium is unimpaired it proli- 
ferates’ Hannan (1929), hover er, reports the rery rapid disappearance of the 
germin il epithelium of or anan homografts m the deep fascia on the backs of rabbits 
Butcher (1932) also refers to the disappearance of germmal epithelium m some 
ovarian autografts m the kidney fat of rats In others he describes the persistence 
of the epithelium His v ork, like Tamura’s, also suggests that the germmal epithe- 
lium IS m general more resistant to impaired r ascular conditions than are the existing 
ova and follicles, rvluch it replaces by proliferation 

It IS obvious that the fate of the germinal epithehum in or anan grafts is rerv 
r ariable It is equally clear that it is almost impossible to be sure that an epithehum 
that has apparcntlj been replaced bj connective tissue does not persist functionally 
either vithin that tissue or as ingrovtlis into the substance of the or anan tissue 
Desaire (1942) has claimed that ‘preora’ can be recognized vithm the or anan 
stroma Deriratires of the germinal epithehum vliich are not defimtire ora maj 
rcrr rrell be present as ‘pre-ora’ vitliin the substance of an ovarian graft 

It vould also seem tliat more has been made than the eridence varrants of the 
‘disappearance of germ cells m ageing grafted or anan tissue The finding has 
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arp^ff J ^ ^ Observations reported in the present paper tlie number of ox n per 

g afted ovary was not one-hundredth of the normal Correspondm^r obscnatiLs 
have been made by other workers Nevertheless, it xvould be quite uiqust.fmble to 
sume, even though it may be the correct explanation, that this is so because no 
germinal epithelium was present, or that the same picture would have been seen 
It the tissues had been studied a year later than they were Before rcachmrr so final 
a collusion, it would be necessary to carry out a scries of quantitative experiments 
in which different-sized ovarian fragments xvere implanted into different sites, and 
examined at considerably longer intervals after grafting than has been the rule 
Only if it were shown that there is in general a time-correlation m the disappearance 
of ova from grafts whose germinal epithelium had been lost could it be argued that 
in these circumstances ovarian stroma is unable to replace germinal elements 
A new factor has recently been introduced into the -problem by the emphasis 
which Dornfeld and his colleagues lay on the differential proliferative activity of the 
aiea of germinal epithelium to which the suspensory ligament of the ovary is attached 
(Slater & Dornfeld, 1945, Vincent & Dornfeld, 1948) According to these v’orkers, 
this represents almost the only site at which the germinal epithelium of the rat show s 
proliferative activity — at any rate up to the sixtieth day of life Their view is that 
the associated parts of the oviduct and fimbria, tlirough the ribonucleic acid thc> 
produce, exercise a stimulating and evocative effect on the adjacent area of the 
germinal epithelium, which at the hilum forms a solid block of cells in the substance 
of the ovary Several points need to be settled before this hypothesis can be related 
to our knowledge of the behaviour of ovarian grafts The existence of an area of 
hyper-activity in the germinal epithelium of mature animals of several species has 
first to be established Its dependence on an induction stimulus from the oviduct 
also needs to be established Even if oogenesis in grafts lacking a germinal cjiilhc- 
lium can be i elated to an ingrowth of germinal epithelium similar to the one vhich 
Dornfeld and his colleagues have shoxvn in the rat, it is clear, in experiments of 
the kind reported in the present paper, that it cannot be attributed to the local 
diffusion of a chemical stimulus from the oviduct 

SUMMARY 

1 The ovaries of two rhesus monkeys {Macacus mulalta) xverc transplanted as 
whole autografts into the eyeballs In the first experiment (Mm 77) they became 
established m the vitreous of one side, and in the sclera of the other In the sceonc 
(Mm 88) they became fixed m the vitreous on both sides The first animal lived 
10 months and the second 11 months after the transplantation 

2 Cvciical uterme bleedmg occurred in both animals after the transp an a ion 

3 In te Lt animal one Lry contained a number of small folheles undergoing 
atresia and a few cystic follicles The other ovary, which had embedded itself n 
the solera, contained many healthy folheles and also three d.stmct and 

"Tt fcTeo"ndVnment. m winch both ovanes had become f.xed .n Ihe 
po!terror"er. norther oontamed any healthy folheles or corpora Intea Soon 
after their appearance ova undenvent atresia 
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5 Germinal epithelium i\as present m onty one of the four ovaries None vas 
present m the marj' Mhich had embedded itself in the sclera, and -tthich vas the 
most active of the four 

6 These obsen^ations are discussed in relation to general -vieiis about the part 
played by the germinal epithelium m oogenesis 
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EXPLANATION OP PLATE 

Fig 1 Young healthy folhcles m peripheral part of right ovary of Jim 77, sliowmg the absence of 
germinal epithehum x 120 
Fig 2 Corpus luteum m right ovary of Mm 77 x 50 
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STUDIES ON HAIR GROWTH IN THE RAT 

By a DURWARD (Department of Anatomy) 4.yd K JI RUDALL 
(Department of Biomolecular Struclufe), University of Leeds 

In seeking to answer such questions as, what makes a hair start grow mg or cease 
grow mg, it IS necessary to mcrease our knowledge of the structure of hair follicles 
and their immediate environment, and particularly their relation to the vascular 
system The first part of this paper is concerned with these structural aspects, while 
the later sections deal with the experimental mvestigation of the transmission of 
growth from regions of activity into regions where the hair follicles are quiescent 

The mode of hair replacement vanes m different animals and has a constancy m 
relation to species Three principal types of follicle activity determme the various 
patterns 

(1) Contmuously active as in wool and human head hair 

(2) Periods of activity and mactmty with neighbourmg follicles m different 
phases 

(3) Periodic activitj with neighboimng follicles m the same phase 

The third type is characteristic of the adult rat where active growth is confined to 
a relatively narrow zone, commencmg ventrally and spreadmg dorsally over the 
trunk so that at a given time the major portion of the skm is non-active In the head 
region and around the limbs the pattern is more complex, but the same essential 
feature is mvariable, viz the periodic succession of growth waves and mtervals of 
quiescence Some details of the growth pattern for the rat have been given by Dry 
(1928), Butcher (1934) and Haddow, Elson, Roe, RudaU ikTimrais (1945) The position 
of the wav^e may be demonstrated very easily m the livmg animal by chppmg the hair 
over one side and then observing m the following few days the band along which 
rapid hair groivth appears Another method which is very useful m the case of white 
rats is to dye the coat with proflavine and then observe the position of the growth 
wav’^e by the appearance of non-dyed new hair which stands out m sharp contrast to 
the dyed hair of the quiescent areas (PI 1, fig 1, PI 4, fig 10) In the present work 
the method of chppmg w'as used m most cases 

The regularity of the growth pattern is quite characteristic m post-pubertal 
animals of both sexes, but there is some disturbance of the pattern m old age, durmg 
lactation, and m states of nutritional deficiencj’' and disease Our mam observ ations 
hav e, therefore, been made in non-pregnant, pre-senile animals so as to avoid com- 
plicatmg factors Stock albino rats were used throughout, except that m the dener- 
vation experiments hooded and black rats were used as well as albinos 

HISTOLOGY 

Jlicroscopic examination of skin sections m the region of a laterallj' placed wave 
shows that structural changes are present in a sliarph defined zone that corresponds 
in position wath the observ ed w av e of hair grow th m the In mg animal (PI 2, figs 2 
and 3) The inactiv'e hair follicles he quite high m the dermis and do not extend down 
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thJwT supplying the capillaries associated nith 

^airs were isolated from other cutaneous systems There is, probablj , contmudi 

etwee^essels of the superficial and the deep layers, including those in the panm- 
u us When mam^mary gland tissue is present in sections of injected rat inatcrml 
It IS seen to be richly supplied with capillaries (PI 4, fig 9) During lactation in the 

rat there is some interference with the normal pattern of hair gro^^ th, while reduction 
ot hair growth during lactation has been recorded in e^pcrlments uith guinca-iugs 
and sheep (Strangeways, 1933, Bosman, 1935) If the activity of the mammari 
gland in any way diverts the blood from other parts of the cutaneous field, an altei'- 
ation in hair growth would not be surprising in view of the evident association 
between hair growth and vascularity Further, it has been reported (Mottram, 1915) 
that m mice, which also present a periodic hair-growth pattern, epidermal varts 
and the epidermis show reduced gro^vth during the passage of the nave, and resume 
active growth after the wave has moved on, here again one can sec a possible 
connexion between the observed phenomenon and tlie condition of the vascular 
bed 


EXPERIMENTAL OBSERVATIONS 

Various experiments were devised in order to examine the factois wliieli influence 
the waves of hair growth 

A Effect of denervation 

A longitudinal incision was made on one side of the body parallel to the mid- 
dorsal line from the level of the shoulder to the hip, and the skin retracted sufficiently 
to allow exposure of the segmental nerves These were picked up with a fine curved 
needle and severed so that the major portion of the body wall from shoulder to hip 
was denervated, the only nerves remaining intact being those derived from (he 
posterior primary divisions and not concerned with skin innervation except in the 
dorsal skm medial to the incision The nerves to the panmculus carnosus were 
severed at the rostral end of the incision they were easily located deep to the iianm- 
culus as a leash of fine branches and, although there is no evidence that they aie 
cutaneous m the usual sense, their severance removed any possibility of their jilaj mg 
a part m the subsequent hair-growth pattern The incision was closed by sutures, 
and the wound allowed to heal prior to making any observation of the nave Tlicsc 
animals were observed for periods of 3-5 montlis following the operation and no 
alteration m the pattern of growth was detected Occasionally there was a suggestion 
of rather less vigorous growth of hair on the operated side, but in all cases the grmv tli 
wave retamed its normal pattern of ventrodorsal progression and the symmetry 
of the process on the two sides was retained 


B Effect of exposure to X-rays 

An anaesthetized animal was enclosed m a lead-protecting shield, along the side 
of which a narrow slot had been cut A longitudinal fold of skin was withdrawn 
tLugh the slot and exposed to a dose of X-rays (3000 r ) =*= A steel needle, inserted 
subcutaneously, supported the crest of the fold and this cast a shadov on the skin 

* Dose, 3000 r , dose rate, 315 r /mm . radiation, 80 kV , half value layer. 1 3 mm AI 
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(Text-fig la) The result vras an epilated zone of skin appro-amatelj 4 cm long and 

2 cm broad, u ith a narrow non-epilated strip S running along the middle of the zone 
(Text-fig 1 b) Durmg subsequent obseix ations o\ er a period of 8 months, a % ery 
scantj grou tli of hair uas obsen ed on the irradiated area and it was assumed that 
the acti\ut> of most of the follicles had been stopped Obseix-ation of growth on the 
tuo sides of the animal showed that the wave was not altered bi" the presence of the 
large epilated area The ua'ie passed touards the dorsal Ime m front of, behmd and 



Text fig 1 a Method adopted to irradiato an isolated area of gtan Needle prevents irradiation of skin 
at 5 b Diagram of rat pelt to shoii zone of epilation Z on left eide A active hair growth S, 
strip of non irradiated skin ninnmg through epilated zone Z 


aboie the epilated area, s\ mmetncallj with the uaie on the opposite side Within 
the irradiated area the narrow stnp of non-uradiated skm, 5, came mto acti\itj 
simultaneously w ith A at the same le\ el on the mam region of the bodj A corres- 
pondence beta een growth at S and A occurred during each of the four cj cles of 
growth obsen ed 

It must be pointed out that the degree of epilation, though extensile, was not 
complete Choosing the most suitable dosage creates problems m itself Obsen-ations 
made dunng the course of the present experiments suggest that the necessarj 
epilation dosage depends on the phase of the hair growth at the time of irradiation 



330 


A DmwmdandK M Rudall 


C Effect of sktn excision 

extended forwards fL the f -« 

rather farther .n the other The upper aM lotted t 

to heal In the first cycfc of hair 
^owth. which followed quickly after the operation, growth proceeded to the scar 

on the operated side paused a few days and then proceeded beyond the scar to tlic 
mid-line This revealed little except that the scar line was a region of gro^^th dis 
con inuity In the second cycle after the operation, growth proceeded to the mid- 
line in front of the level of the scar on both sides More posteriorly, grov th extended 
to the mid-hne on the non-operated side, but on the operated side it extended durin<T 
the same period only to the level of the scar Growth eventually proceeded above tlic 
level of the scar after a pause of approximately 2 weeks One annual survived to 
a third cycle, and growth beyond the sear on the operated side was ncam much 
delayed 

The significant feature of this experiment is that the symmetry of the growlli 
waves on the two sides is affected by removal of a longitudinal strip of skin Growth 
IS delayed dorsalward of the site of skin removal, either in consequence of removing 
the skin, or because of the scar which inevitably forms at that level 

, D Effect of skin 1 otaixon 

The purpose of the experiments described under this heading ivas to place suh 
by side areas of skin which were in quite different phases of growtli Observations 
could then be made as to whether the phases altered so as to become the same, or 
whether they remained as different as before the operation A number of young 
post-pubertal rats was treated in the following way 

A square of skin (3 x 3 cm ) was outlined on one side by incisions extending dow n 
to, but not including, the panniculus carnosus, the edges of this square verc freed, 
but the mam area of the square Avas not detached from its subcutaneous connexions 
so as to leave an intact blood supply The square was then rotated through 180'’ 
and sutured m position This meant that the original ventral margin became dorsal 
and the caudal margin became rostral Healing occurred readily, and in 10 dajs 
the site of operation ivas clearly defined by the reversed hair slope on tlic square 
of rotated skin (see Trotter & Dawson, 1931, for similar result in guinca-pig) 
Observations over a period of several months were then made on the groivth vaves 
of the harr It was found that within the rotated square the growth Avavc as as 
reversed and passed from the dorsal to the ventral margin To demonstrate this 
effect an animal was subjected to the above operation and after healing of the as ounc 
the whole fur Avas dyed AVith proflavine Tavo weeks later, it Avas noted that the fur Avas 
growing white on the upper third of the rotated area, Avhile on the body surface outside 
Lis area the new white hair was coming in along a ventrolateral zone Ten a> 
iLr the animal Avas photographed in colour, and a black 

of this IS given in PI 4, fig 10 Within the rotated area growth has proceeded do n 
wards ixL the upper edge, while on the rest of the body, growth of hair has proccedr 
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upwards as far as the mid-lateral line As usual, at the Imes of incision there is some 
distortion of hair slope, this may be noted along the caudal mcision m PI 4, fig 10 
The chart shown m Tevt-fig 2 was constructed from an extended series of obser- 
vations on another animal and shows the progress of the growth wa\e from dorsal 
to ventral regions withm the rotated area of skm d v All the experimental 



Tc^tr-fig 2 Chart to illustrate progress of successive hair growth waves on rotated skin, d-r in com 
panson with waves on main area of body, 1 —D The position of the rotated area on the bod^ surface 
reference to the mid dorsal line (D) and mid ventral Ime (T) is mdicated b^ the mtermpted 
line t d 

animals tended to conform to this plan In none of the animals did the movement 
of growth on the rotated skin proceed m other than a dorsoventral direction, nor 
was there any suggestion of interference between the ventrodorsal growth on the 
mam areas and the oppositely directed growth on the rotated skm The general 
conclusion is that the wa\e of growth on the rotated skin proceeds mdependentU 
of that on the main areas, but tends to travel more slowly In some cases this 
retardation was \ery marked 
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DISCUSSION 

The Mulfa of the expenmente mvolvmg section of nerves to the body v„ll sucoest 
that the pattern of hair-growth waves m the rat ,s independent of the mnett 
of the skin m the regions concerned It can be assumed that the ctiltini- of the 
segmental nerves involved not only somatic fibres, but also, the sympathetic post- 
ganglionic fibres travellmg m the nerves to the vessels of the body 'lall meludmo 
the skm The vascular pattern associated with the persistmg growth wave could 
not therefore be explained on the grounds of any nervously controlled vasodilatation 
The increased vascularity within the growth wave is largely due to new cajiillary 
networks in the dermis and hypodermis The most evtensive capillary network is 
found around the lower half or third of the follicle Tins external supply to the 
follicle wall IS of far greater extent than the internal supply to the follicle papilla, 
and It IS possible that the external root sheath reacts with this capillary sjstcin’ 
adding to or removing substances from the blood before this passes through the 
papillary vessels In the smaller hair follicles the circulation about the follicle ivnll 
is very much less extensive than that shoivn at C and E (PI 3, fig 7) The follicles 
which produce the largest overhairs, notably monotrichs, have the most extensive 
capillary system These fibre types contain a considerable bulk of keratin, as can 
be seen in fig 7 of the paper by Haddow & Rudall (1945), and a most reasonable 
explanation of the- extensive circulation to the follicle wall would be that it is 
associated with the synthesis of intracellular protein m the hair cuticle and cortex 
In our studies of the follicle circulation we liave not been able to observe the 
capillaries to the papilla except in a few isolated cases According to Johnson, 
Butcher & Bevelander (1945) the papilla markedly alters its shape during tlic catagen 
phase (Dry, 1926), becoming narrow and elongated There may well be changes in 
the circulation to the papilla at this time, though the circulation to the follicle wall 
does not appear to change It should be pointed out that the distribution of capillary 
vessels corresponds approximately with that of the supposed phosphatase activity m 
the papilla and the follicle wall As the capillaries themselves show abundant 
phosphatase activity it is not certain to what extent the recorded distribution of the 
enzyme is due to a blurred distribution of capillaries On such a view the reduced 
phosphatase activity of the papilla at the catagen phase may represent the reduction 
.or degeneration of its capillaries But if we accept the recorded distribution of alkaline 
phosphatase as being substantially correct and not due to capillary phosphatase, then 
the followmg valuable correlations may be made the development of tins phosphatase 
activity is associated -with the development of a rich nefcivork of capillaries, and the 
disappearance of phosphatase is associated wth the disappearance of the spccia 

^""in thi imtiation of growth at the wave-front it can be debated whether the follicle 
activity or the increased vascularity has priority The periodic nature of hair grow i 
would seem to be due to a fixed genetic pattern Having entered the res ^ ' 
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to follicles ^\hich are in the completely quiescent stage (PI 3, fig 7 A), and such 
follicles may be affected ^^a their residual capiUarj’^ system the presence of 
adjacent highlj’^ i ascular areas of the tjqie illustrated at B-E In other ords, the 
presence of an increased vascular system at the v ave-front may help to limit the 
resting period in eontiguous areas so that these are generally the next regions to show- 
follicle activity 

The experiments vhich have been described, involving X-raj epdation, skm 
excision and skm rotation, u ere performed mth the object of studymg the progress 
of the gro-svth vavc m an area isolated m some way from its normal contacts vith 
undisturbed skm Isolation uas achieved m one set of e-speriments by X-ray 
epilation and m these cases the possible mfluence of skin mcisions was avoided, 
the exeision of strips of skin or the rotation of an area of skin allowed the juxta- 
position of regions m different phases of aetinty, in the one case by removal of the 
intermediate phases and in the other by the mere rotation 

The particular form of the epilated area resulting from the X-ray irradiation left 
an isolated strip of non-irradiated skm (Text-fig 1) Durmg four cycles of hair 
gro'\\th the narrow non-irradiated strip passed mto the active phase at the same time 
as the non-irradiated areas at the same level elsewhere on the body There was no 
evidence that growth on the stnp S (Text-fig 1) was m any way delayed because 
of absence of contact at its ventral edge with a full complement of actively grooving 
follicles By contrast, ivhere a strip of skin was excised along one side of the body 
there was a definite delay m the ventrodorsal passage of the growth wave This is 
the only example we have at present where conditions have been imposed which 
produce a barrier to the transmission of the wave and we do not yet know whether 
tlus barrier is due to scar formation or to the removal of necessary intermediate 
phases 

From the skm-rotation experiments we have concluded that the duection of the 
waAC is inherent in the skm, the wave of growth proceeds independently wuthm the 
rotated area as if the latter were isolated from surroundmg skin Just the opposite 
conclusions were reached by Butcher (1936) who states ‘the time of hau growdh is 
dependent on factors resident withm the animal and not m the skm’ The principal 
differences betsveen our approach and Butcher’s were as follows (1) We have dealt 
exclusively w ith adult rats, w hereas his experiments w ere performed on prepubertal 
material (2) We studied areas of skin of much greater dimensions than he did 
(3) The skm in our rotation experiments was never completelj detached from the 
underlying tissues, and so the blood supply remamed relatively intact These points 
are sufficient to account for the different findings From the observations of Hermga 
L Weidinger (1942) it is reasonable to assume that m prepubertal animals the skin 
IS gradually becoming more fibrous and less highly hydrated It is also reasonable 
to suppose that the rate of diffusion of activating substances through the skm 
decreases with increasing age On this basis we may be able to account for the fact 
that the hair-growth waves cliange from the broad prepubertal type described by 
Butcher (1934) to the narrow tjqie illustrated in PI 1, fig 1 It is also probable that 
the structure of the scar tissue wall be much more densely fibrous m older animals, and 
this could account for the ‘barrier’ effect resulting from excision of strips of skm and 
for the apparent isolation of rotated areas of skin 
Anatomy S3 
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bJnH observed on tlie rotated skin might conccnnb)^ 

be attributed to a varying degree of interference witli the normal circulation In 
u c er s experiments, winch involved a complete severance of all vascular connexions 
he found that the follicles retracted towards the epidermis in the donor skin nithout 
completing the normal cycle of growth The normal resting period of the follicle had 
not been established and thus its inertia to regron th was not present It is therefore 
understandable that the oncoming vascular wave should stimulate the donor skin 
to active hair growth Where the normal cycle of follicle activity was maintained v c 
failed to detect any stimulating effect of one area on another when hitherto unrelated 
edges were brought into contact by skin rotation Butcher’s experiments indicate, 
however, that such an effect does in fact exist Our experiments shon that this 
effect, if present, is small compared with the inertia of the resting period or is 
deci eased in adult animals by the scar tissue 


It seems reasonable to conclude that the progress of the hair-giowth A\avc is due 
to interaction between the resting-stage inertia and the stimulus of neighbouring 
vascular activity 


SUMMARY 

1 The histological features of the skin and the hypodernns in the i at ai e compai cd 
m areas showing active hair growth and in quiescent areas 

2 The density of the capillary bed about the hair follicles vanes according to the 
stage of the hair-growth cj^cle The distribution of capillaries is similar to that of 
alkaline phosphatase activity 

3 Piincipal differences between the circulation to hair follicles m the rat and flit 
sheep are described 

4 Denervation of an area of skin has no effect on the passage of the wave of han 
growth over it 

5 Various experiments, involving skin excision, skin rotation and X-ray cpilnlion, 
Avere performed in order to study the processes involved in the transmission of hnir- 
growth waves from venter to dorsum and we have concluded that this is due to 
Interaction betiveen resting-stage inertia and the stimulus of neighbouring \ ascular 
activity 

We are indebted to Dr F W Spiers, Lecturer in Medical Physics in the University 
of Leeds, for his advice concerning the irradiation of the skin and for providing the 
facilities for this aspect of the investigation To IVIr W Hutchinson of the Anatomy 
Department we are grateful for Ins assistance at operations and for the jircp.iratioii 

of the histological material 
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INTERNODE LENGTHS IN THE NERVES OF FISHES 

By P KYNASTON THOIMAS and J Z YOUNG 
'Department of Anatomy, TJmversiiy College, London 

INTRODUCTION 

Studies on mammals and amphibians have begun to reveal the principles that go\ ern 
the spacing of the nodes of Ranvier These gaps in the myelin arc normally placed 
farther apart in larger than in smaller fibres (Ranvier, 1875, and others, see discussion 
later), but after regeneration in the adult this relationship no longer obtains, all 
internodes are then short (Young, 19456, Sanders & Whittendge, 1946, Hiscoc, 1947, 
Vizoso & Young, 1948) This suggests a connevion between growth and intcruodc 
length, which is confirmed by the finding that the line relating internode length to 
diameter becomes progressively steeper during development (Young, 19456, Hiscoc, 
1947, Vizoso & Young, 1948) Further, in the legs of amphibians the internodes 
are longest where the amount of growth is greatest (Takahashi, 1908, Ilatni, 
1910) 

The few studies made on fishes (Ranvier, 1872, Key & Retzius, 1876) show that 
these animals possess internodes several times longer than any reported from mammals 
or amphibians We have therefore studied the internode length in nerves of fislics oi 
various lengths, and also m nerves taken from parts of the body likely to have 
differing growth rates In particular we have been interested in long-bodied fishes, 
such as the eels, where the nerves increase several times in length during the period 
after medullation 


METHODS 


The nerves, with the exception of those from Torpedo, were all obtained at Plymoutli 
during the summer of 1947 from the elasmobranchs liaia clavata, Scijlwrhinus 
camellia and Torpedo ocellata, and the teleostean Conger conger Tlie nerves used 
were mostly the lateral line and branchial branches of the vagus After dissection, 
the stretch of nerve to be taken was measured while still in position, then cut with 
scissors and attached to a piece of slotted cardboard at its original length It iias 
fixed m 10 parts of 40 % formaldehyde diluted with 45 parts of sea water and 45 parts 
of distilled water The salts in such a solution will be approximately isotonic with 
those in the blood (Young, 1933) The nerves were stored in this medium until 
required some months later They were then washed, and stained with a 1 % solution 
of osmium tetroxide for 24 lir After further washing in distilled water tlicy were 
passed to a mixture of glycerin and water in the proportion of 2 to 1 for 3 days to 


facilitate teasmg , , 

Single fibres were obtained by dissociation in pure glycerin under a dissecting 

microscope with fine mounted needles, care being taken to minimize Carnage or 
stretching The internodes may be up to 8 mm long, so isolation for eonsideral 1 
distances was required With careful dissection lengths of 4 cm or more cou 

obtained 
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After isolation, single fibres rrere transferred to a slide on ivluch drops of creosote 
liad been placed After several fibres had been collected in this manner the creosote 
vas dramed off, the slide blotted and the fibres mounted m Canada balsam Dis- 
placement i\as avoided by usmg balsam of a low viscosity The slides v ere dried in 
an incubator at 37° C for 1-2 weeks before measurements were carried out 

Measurements were made usmg an ocular micrometer (Zeiss Compens-Okular, 
X 12) Those of mtemodal length vere carried out using a | m objective, the draw- 
tube bemg adjusted to give a magnification of x 100 Readmgs of the diameter were 
taken under a ^ in od-immersion objective at a magnification of x 1000 Ten 
readings were made along each mtemode, at approximately equal distances apart 
By this method it was possible to measure mtemodal distance to the nearest 10/t and 
diameter to the nearest 1 /t 

ERRORS DUE TO FIXATION AND DEHYDRATION 
As the stretches of nerve w'ere attached to cards by both ends throughout fixation 
and were onij removed immediately before teasmg, no change in length took place 
during fixation With regard to diameter Rexed (1944) found a very shght swellmg, 
not greater than 1 25 %, of the small fibres, after treatment wuth 4 % formaldehyde, 
he also reported no change after prolonged storage (up to 4 months) m fornialm 
Rexed and others have found no diameter change after treatment with osmium 
tetroxide, although some have reported varymg amounts of shrmkage 
To assess the error introduced by dehydration, we measured fibres before deh 3 ’’dra- 
tion, when m the glycerin and w ater mixture, again after having been m pure glj’’cerm 
for 2 hr and finally after mountmg m Canada balsam Shrmkage occurred mainly 
in the latter stage and the total amounted to 2 3±0 73%, affecting length and 
diameter to the same degree 


TREATMENT OP DATA 

For each nerve, the lengths of mdividual intemodes were plotted graphically against 
the mean of the ten correspondmg diameter readmgs Further treatment is described 
in the relevant sections Wiere regression lines ha\ e been fitted, the method of least 
squares has been employed 

RESULTS 

( 1 ) The forms of the nodes 

Ranvier (1872) drew attention to the fact that m the raj’' the mj^elm tapers towards 
the node This is true not only m Raia (PI 1, figs 1-3), but also m Scyhorlnmis 
(PI 1, fig 4) and 2’orpedo (PI 1, fig 5) The nodes in the conger eel, how e\ er, closely 
resemble those of mammals in the smootlilj’ rounded contours of the myelin, the ends 
of the two segments appearmg as if closely pressed together (PI 1, fig 6) 

Ranvier also reported that the nodal axon in the raj’s is stained black w ith osmic 
acid In our own preparations there appears to be m most mstances a definite 
interruption of the mj''ehn (PI 1, figs 1—4), the demarcation of the limits of the 
sheath bemg at times very striking (PI 1, fig 4) At times the region of the node is 
osmioplnhc to some degree, tlus bemg most frequentlv noticed in Torpedo (PI 1, 
fig 5) It IS probable that the axon surface contains a proportion of hpoids smiihr to 
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^ a uave^ 

a ttk ^ w,.. „ot c„,orc<, „ 

m the flbrj OTToTotelrtefacte®”'"'^ distinguished from accidental hrenks 


(2) Length of internodes 

lateral line nervefo^f aTay 83 cm m itn T” Ranvier supposed In the 

mean mternodal lengths found were 7 02 and 7 52^ 

fibre's' of folTTi^ ^ corresponding value v as‘ 4 OO^nun 

on hbres of 19 4^ These may be contrasted with the maximum of about l 5 mm 

ren "I '''' fibres (20/i diameter) Kubo & Yugc (1938) 

reported lengths up to 3 7 mm in the toad ^ 

The smallest fibres in our series are about 2 5fi in diameter and have mternodal 
engths of about 0 20 mm , which is similar to that found m the small fibics ol 
amphibians and mammals (see p 346) 


(3) Correlations between mternodal length and diamcici 
Previous work on this question in fishes has been carried out by Ranvier (1872) 
and Key & Retzius (1876) The former stated that there exists m the rays a direct 
relationship, such that the larger fibres have a longer and the smaller a shortei 
mternodal distance A limited number of observations are given by Key Retzius 
for the pike, but their data show little variation of length with diameter' 

We have found that there is a positive correlation between mternodal length and 
diameter, and, as m other vertebrates, the relationship is apprownntcly linear 



Diameter In n- 

Text fig 1 Internodes from lateral line nerve of a small specimen of Jtata (40 cm in longtli) 

Text-fig 1 IS of fibres from the lateral line branch of the vagus of a specimen of 
Jiaia, 40 cm long A regression line has been fitted, and if 

y = a+bx, 

where y represents the mternode length in mm , x the average diameter per mtcriiodc 
in y, a the ^-axis intercept and h the slope coefficient, a has the value of -014 mm 
and b, 0 15 + 0 00001 

Text-fig 2 gives the measurements from the lateral Ime nerve of a specimen ol 
Conget, 63 cm in length, the constants being a =0 38 and b = 0 22 + 0 0001 
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Text-fig 3 IS of the nerve to the electric organ of Torpedo This shows a situation 
different from that of the lateral Ime nen es m that there is onl> a very slight increase 
of mtemode length uith diameter, b=Q 053 Moreover, a further pecuhar feature 
IS that there are no fibres smaller than The significance of this state of affairs is 
not yet clear, endently special factors are at u ork m the morphogenesis of this nerve 



Text-fig 2 Intemodes from lateral Ime nerve of a small specimen of Conger (03 cm in length) 



Text fig 3 Intemodes from electric organ nerve of Torpedo 

In tlie nerves of the largest fishes investigated, m the region of the smaller fibres 
the intemodes do not increase m length with the diameter Tins is shown in Text- 
figs 4, 5 and 6, which represent mternodes from the lateral line and branchial nerves 
of the 83 cm ray, and the lateral line nerve from the 124 cm conger eel Above op, 
the relationship is approximately Imear and Text-figs 4, 5 and 6 show regression 
lines fitted to all fibres larger tlian op The significance of this div ergence is discussed 
on p 345, It shows that internode length does not alwajs mcrease vnth diameter. 

(4) The relationship between mternodal length and the length of the fish 

This comparison was made using the lateral line nerves of fishes of different sizes 
The total length of the fish was used m preference to the actual length of the nerve 
To ascertain whether there exists a correlation between body length and mtemode 
length, the ratio of the value of the mternodal length at the maximum fibre diameter 
to the length of each fish was emplov cd The results m the case of two conger eels are 
set out in Table 1 The standard error is given as a measure of the variance of the 
mean value of the mternodal length at the maximum diameter It wiU be seen that 
each ratio faUs wathin the standard error of the other Thus it maj be stated tliat for 
these tw o nerv es 

T 

L 

The lateral line nerves from tluee rajs jneld the data shown in Table 2 
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hZTZmvZT T'" «- ^«^gest fish 

oemg slightly but significantly longer than expected 

the fish The Jt! f eh e , mternodal length ’ and the length of 

fish The ratio of the former to the latter has been calculated m each case rad ,s 

Table 1 Relationship between mternode length and length offish in the conga eel 

Length of Intemodal length 
fish, L at ma\ diara , ym Int length at ma\ diam 

(mm) length of fish 

\ 7 52±0 20 0 0600 ±0 001G5 

^ 3 84±011 0 0609±0 00174 

Table 2 Relaiiomhip between intemode length and length offish in the my 


L (cm ' 

83 

40 

34 


ym (mm ) 

7 02±009 
2 89±0 04 
2 47 


yrn_ 

L 

0 084C±0 0011 
0 0722 ±0 0009 
0 0726 



Diameter In p 

Text fig 4 Internodes from lateral Ime nerve of a largo specimen of Itaia (83 cm m length) 


approximately constant The ratios are somewhat lower than those which t\c have 
found in Eaia clavata, this may possibly be a species difference, but unfortunately 
Ranvier does not state which particular ray he investigated Alternatively, a 
different region of the nerve might have been examined 

Comparison of maximum mternode length with total length certainly supports t le 
hypothesis put forward by study of the nerves of growing mammals that the intcr- 
nodal length is determined by the amount of length increase after the myelin las 
been laid doivn The great length which the internodes may attain in ^ 
sumably due to the relatively great amount of growth occurring subsequent 

medullation 
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(5) Internode lengths in different nerves of the same animal 
If gro^ th influences the distance betw een nodes, then differences should appear 
between ner\ es in regions of anj one animal growing more, or less, m length, after 
medullation Text-figs 6 and 7 show the mtemode lengths in the lateral line nerv e 



Diameter In fx 

Text-fig 5 Intemodca from branchial nerve of a large specimen of ^aia (S3 cm in length) 



Text fig G Intemodcs from lateral line ncne of a large specimen of Conger (124 cm in length) 


Table 3 


Relationship betzeeen internode length and length offish in the ray 
(data from Ranvier, 1872) 


1 

o 

3 

4 


Length of Max int length Max int length 


fish, L (cm ) (mm ) i 

110 6 0 0541 

101 5 0 0405 

SO 2 5 0 0G94 

-t 15 0 0G25 
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therefore, mternode length is not solely a function of diameter, a result also stnkmgU 
shown in mammals by the fact that after regeneration of a nerve the mtcrnodcs arc 
all short (Leegaard, 1880, Young, 19455, Hiscoe, 1947, Vizoso & Young, 19 tS), 
although the normal diameter spectrum is re-established (Gutmann & Sanders, 1943) 
Presumably the proportionality found in normal adult animals between length of 
mternode and fibre diameter is the result of correlation of both with some common 
factor We must therefore search for correlation of each with other variables 

The fact that after nerve regeneration in an adult the internotics are short on 
fibres of all diameters suggests that growth is the factor which controls mternode 
length 




Ranvier ms quick to draw at this conclusion from 

larger than in smaller specimens o . j dog and rabbit (1875) 1 us 

measurements carried out ^904) Takahashi (1908) and Ilatai (1910) 

Tplationship was corroborated by Boyco ( , ’ m nerves to the hmd-bni > 

r— wotkecs noted that cd with the ^catci 

(1948) m the rabbit, and now oy 
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examined, mtemode length was found to be approximately proportional to the 
amount of growth that the animal had imdergone (p 340) 

It has been noticed by several im estigators that the gradient of the Ime relatmg 
mtemode length to diameter mcreases mth gam in size of the animal, that is, that the 
increase of mtemode length with growth is relatively greater than that of diameter 
Vizoso & Young (1948), from data obtamed from the peroneal nerves of growmg 
rabbits, stated that the slope of the regression Imes mcreased m the same proportion 
as did femoral length In the present stud}, we ha^e foimd the gradient to be 
greater m the larger animals (Text-fig 8) 

The differences between the mtemode lengths m the lateral Ime and branchial 
branches of the vagus nerve may be, as already suggested (p 342), a function of the 
relative amounts of growth m length that the} undergo Agam, a similar phenomenon 
might provide an explanation for the constancy of mtemode length m the smaller 
fibres of the largest fishes mvestigated These fibres are presumably those that hax e 
meduUated most recently (see later, p 346) If this process occurs throughout the 
life of the animal, those fibres that become ra}elmated durmg the period of the 
declme m growth rate may mcrease m diameter m the same way as their predecessors, 
but fail to undergo the same mcrease m length 

Thus, although the data about grondh rates are mcomplete, the facts suggest that 
mtemodal length is strongly correlated with the amoimt of growth of the part m 
nluch the nerve hes 


(9) The defenmnaiton of fibre diameter 

If mtemode length is correlated with growth, can this explain its correlation inth 
fibre diameter? Unfortunately we know very little of the factors that determme 
diameter, but they are hkely to be complicated, smce each functional fibre t}'pe has 
its characteristic diameter Diameter is certainly not highly correlated with length 
Schwalbe (1882) supposed the longest fibres to be the largest, but Dunn (1900, 1902 
and 1909) showed that m the frog, the longer fibres are, if an} thmg, smaller Several 
lines of endence, however, show that not all fibres medullate at the same time, and if 
the ultimately larger ones medullate before the smaller there might be an approxi- 
mate correlation of diameter with growth 
Numerous mvestigators have found that the appearance of m} elmated fibres is 
prolonged over a considerable part of the growth penod m mammals (Hatai, 1902, 
1903, Boughton, 1906, Duncan 1934a, Corbin & Gardner, 1937, Kjellgren, 1944, 
Hexed, 1944) On the other hand, Schiller (1889) observ ed only a ver}' slight mcrease 
m the numbers of myelmated fibres m the oculomotor nen e of the cat between 
newborn and adult animals, but there is reason to suspect that the disparit} is 
the result of the less satisfactory technical methods available to him Birge (1882) 
and Hardest}' (1899, 1900) have obtamed similar results in the frog 
There is also some e-vndence of a correlation between time of medullation and 
ultimate diameter reached b} a fibre Boughton (1906), Schunert (1935), Otuka 
(1910) and Rexed (1944) have all found that the fibres that appear later do not 
attain the diameter of their predecessors Dissentmg are Kiss & Jlihdlik (1930) v ho 
contend that the sympathetic preganglionic fibres m the \entral roots of man 
medullate before the eventually much larger motor fibres to \oluntar} muscle 
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eventually larger fibres become medullatcd before the 

maler,aIthoughthedetafiedrelat^^^^^^^ Auapm^ 

relationship would be sufficient to account for the correlation of fibre dianictcr and 
internode length, which is, after all, not a very close one 


(10) Absence of tnerea^e of numbe) of nodes afte) mcdtiUoiion 
The hypothesis here adopted implies that the number of nodes is constant for nil 
ages except the most advanced, and this has already been suggested by se^ crnl 
investigators Nevertheless, Vignal (1883b) believed that intercalation of new intcr- 
nodes mto nerve fibres takes place during growth, and Speidel (1932) has observed 
zn VIVO the end-to-end anastomosis of adjacent internodes with the obliteration of 
the intervening node But Boycott (1904) came to the conclusion that in the frog 
the ‘ average internodal distance ’ increases in proportion to the increase in the length 
of the whole nerve during growth, and hence that there is no change in the numbci of 
nodes The curve of the average internodal distance plotted against body length 
followed closely that of the length of the sciatic nerve against body length This vas 
later confirmed by Takahashi (1908) Hiscoe (1947) and Vizoso & Young (1918) 
reached essentially the same conclusions m the rat and rabbit respectively We may 
assume for the present that in fishes, as in amphibians and mammals, the number of 
internodes does not increase once they have been laid down, but it ould be desirable 
to have direct evidence of this, especially since the internodal segments are so long in 
fishes and each may contain several Schwann nuclei 


(11) When medtdiaiton tales -place internodal lengths are the same in all fibres 
One of the most striking results emerging from various studies is tliat there is 
a minimum internode length that is approximately the same from fishes to mammals 
Vignal (1883a) reported this to be 0 2 mm in a foetal sheep Young (19i5&) reported 
it as 0 15 mm in embryo rabbits, but this may be a little low Vizoso A Young (1918) 
found no fibres with mternodes below 0 25 mm in the 2-wcclv-old labbit Ilistoc 
(1947) gives 0 33 mm for fibres 2 6-4 5/«. m rats 2-4 weeks old, but the nodes may 
well be a little shorter at the time of medullation in the foetus Similarly, Tlanvicr 
(1875) recorded that the internode length on the largest fibres of the sciatic ncr\ c of 


the newborn dog is about 0 3 mm 

In the present investigation there is a very sharply demarcated minimum to the 
internode length data Thus in Text-fig 4 it is remarkable that no internode is less 
than about 0 20 mm long, the strictness of the determination strongly suggesting 
the influence of a uniform physical condition Essentially similar conditions arc seen 


the younger ray, in Torpedo, and m Conger 

These facts lend support to the view that this initial periodicity is determined by 
hmitmg physical condition, such as the stable length of a droplet under surface 

SpeffieuTgst I 9 S’ anfl935) mdicated that the Schwann cells become spaced at 
.p?— ly Aguiar mtervals and that the myehn hrst appea. » ‘he 
,e,r aade. aacoe (1947) suggested that it is tliia spacing “ « tw-tirbai 
ctor and cited m support the observation of Weiss & ^ ( J j 

„gth o£ the Sehivann ceU m tissue culture is between 200 and 500, « . 
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coinciding roughly wth the internodal distances of the rats 2-4 -n-eeks old that she 
investigated The early de'V elopment of fish nerv^es requires elucidation, for whereas 
in the other vertebrates studied there is but one Sehwann nucleus per intemode, 
usually situated near the middle, m the fish nerves we have exammed there may be 
several Attention has been draira to this by Key & Retzius (1876) A comparison 
of the number of nuclei per mtemode with internodal distance might jueld interesting 
results, the data of Key & Retzius concerning this are too fragmentary to allow of any 
definite conclusion In the regenerated neiw’es of mammals there are also seieral 
nuclei per internode 


CONCLUSIONS 

Abundant facts are available about lengths and diameters of nerve fibres fen tissues 
have been so satisfactorily studied by quantitative methods The figures obtamed are 
all consistent nith the view that m3 elm is laid down on young neiw^e fibres nhen they 
reach about l-2/i m diameter (Duncan, 1934h, Schmitt & Bear, 1937) Tins liquid 
la3'er does not remain contmuous over the fibre, but breaks up mto a senes of m5’'elm 
segments, each about 0 2 mm long A neurilemmal tube is rapidly formed around 
the myelm, so as to make a cliamber containing the liquid 

Normally these myelm segments remam througljout life, each fibre retaining the 
number of nodes origmall}’’ laid dorni Occasionally mternodes may fuse, b}'’ dis- 
appearance of the mtervenmg neurilemmal inflexions, and also when the axon 
degenerates and regenerates the origmal periodicity is lost 
During growth each segment becomes stretched b}’’ the tension exerted by neigh- 
bouring parts The neurilemmal sac is closed and more m3’’elm is secreted bet\\ een 
the Schw ann cell and the axon surface The length reached by any mtemode therefore 
depends on the amount of grow th m length of the nerve after it has been laid dow n 
Since fibres that will ultimately be large are m general laid down early, a relation- 
ship appears in a normal adult between diameter and mtemode length, the latter 
rising more steepl}"^ u ith diameter m the nerves of those parts of the bod}”^ m which 
a relatively greater amount of grow th occurs subsequent to medullation 

If the final mtemode length reached is a function of growth, it is difficult to believe 
that it IS an important variable in controlling conduction velocit}’’ or any other 
functional feature as supposed by Hursh (1939) and von Muralt (1946) The nodes ma}’^ 
be fundamentally important as points of high permeabiht3’’, but their exact spacing 
seems to have little importance for function The experiments of Berry, Grundfest & 
Hinse}" (1944) and Sanders A Whittcridge (1946) confirm this b}" showing that m 
regenerated nerves conduction velocity mcreases with the diameter of fibres, although 
internode lengtlis remain short 


SUiMiMARY 

1 In the lateral line nerves of the ra}' and conger eel the distance betas een the 
nodes of Ranvier may reach 8 mm on the largest fibres 

2 Internode length increases greatl3' with fibre diameter m the long lateral Ime 
nen es, but m the shorter branchial nerves there is less increase and in the nera e of 
the electric organ of Torpedo the large fibres have onl} slightly longer mternodes than 
the smaller 
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.mi, 6 o -length ot the anunal is approMmately constant 
co„*t.on between the vamblee .s due to the fact that both are correlated u.ll, 

mmmvm mtemodal length of about 0 2 mm in the 
a lous fishes studied, and this is also found m other animal groups 

6 beveral Schwann nuclei may be found in each internode in fishes 

he conditions m fishes and other vertebrates are consistent v ith the vicv that 
internode length is determined by surface tension when the nodes are first formed 
and later by the amount of growth of the nerve When mcdullation takes place 
internode length is short, and is the same for all fibres As growth proceeds, a relation- 
ship between internode length and diameter appears, such that the larger fibres Im\ c 
longer and the smaller shorter internodes There is little change in the number of 
nodes after medullation, as the nerves elongate, so too do the intcrnodcs The 
occurrence of longer intemodes on the larger fibres would be explained if the 
ultimately larger fibres became myelinated earliest. 


The complete data, which are too bulky for publication, have been deposited at 
the Thane Library, University College, London We ivish to express our thanks to 
Dr F S Russell, F R S , Director of the Marine Biological Association, Plymouth, 
where part of this work was earned out, and also to Messrs D I Fryer, D Sholl and 
A D Vizoso for advice and assistance 
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Photomicrographs of isolated nerve fibres stained with osmic acid 
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Fig 7 intercalated segment of Renaut m Conger 
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DIFFUSION PHENOMENON COJIPLICATING THE HISTO- 
CHEMICAL REACTION FOR ALKALINE PHOSPHATASE 

By B F martin and F JACOBY 
Department of Anatomy, University College, Cardiff 

INTRODUCTION 

The hibtochemical method for demonstrating alkaline phosphatase in tissue sections, 
as devised by Gomori (1939) and Takamatsu (1939), has now been widely used for 
almost ten years, but some of the technical steps are not yet generallj’' agreed upon 
and the evaluation of the results, particularly as regards precise cytological localiza- 
tion of the enzyme, is, in our opmion, still open to dispute 

IMulst most n orkers use a similar substrate mixture, either with or without added 
Mg-ions as enzyme activator, the time of mcubation has been subject to wide varia- 
tions, and many workers remark upon the mcreased mtensity of the reaction that 
occurs on prolonging the incubation period The time chosen for mcubation would 
seem to be either quite arbitrary, or that which gives the optimum ‘stammg’ result 
without loss of contrast between cytological details (Fell & Danielli, 1943, Dempsey 
<SL Deane, 1946, Wachstem & Zak, 1946) In other cases, the results of both a short 
and a long mcubation period are recorded and the longer period (eg 24 hr Fell & 
Damelli, 1943) given preference The commonest period used is probably 2-8 hr as 
originally advocated by Gomon (1939) The depth of ‘stammg’ of the various 
structures is sometimes graded as black, dark-brown and light-brown and taken to 
indicate marked, moderate, and slight enzjTne activity K merely the intensity of 
the reaction were affected by a prolongation of the mcubation penod, no serious 
objection could be raised against this variation m the technique It is, however, 
frequently stated that structures which are negative or almost so after a short 
mcubation period, become definitely positive if the tune of mcubation is extended, 
and this seems particularly to be the case when they happen to he m sections which 
somewhere have foci of high and fast reactmg phosphatase content (e g Horowatz, 
1942 , Dempsey A Wislocki, 1947) This raises the important question of the localiza- 
tion of the enzyme Does such delayed reaction signify a weak enzymic actmfy in 
these regions or is it due to some ‘ stammg’ effect or pseudo-reaction which is brought 
about by diffusion of some component or other from the true sites of enzyme activity’ 
The existence of such diffusion is also suggested m the literature on the subject by 
numerous microphotographs — too numerous to be cited indmdually — ^which show an 
ob^ lous gradient of positive cytoplasmic and/or nuclear reactions, often over a wade 
area, from foci of strong phosphatase activity If, then, diffusion is at all involved in 
this histochemical reaction, it might also account for the well-knowai ‘stammg’ of 
cells and nuclei (after the standard 2-3 hr mcubation period) at places close to sites 
of intense phosphatase reaction Such mstances are the mtemal structures of the 
epithehal cells of the small mtestme or the nuclei of cortical renal tubules and 
glomeruli A less familiar example can be observed m the rat pancreas w here, not 
infrequently, the penductular connective tissue gives a strongly positive reaction 
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(Jacoby, 1946) and the adjacent duct epithelium shows ‘stained’ nuclei and 

phosphatase activity or of an artifact? The problem seemed to us of sufTicicntll^ 

fundamental importance to warrant investigation by specially designed experiments 
which might throw further light upon it ^ j b i-^penmcnts 

Whilst this work was in progress the papers by Danielh (1946) and by Lison (10181 
came to our notice, and both have an important bearing on this problem Danielli 
has, in fact, performed experiments similar to, though not identical with, those to 
be reported here, and arrived at opposite results He denied that diffusion plays ain 
adverse part in the reaction and affirmed the reliability of the method vith regard to 
the localization of the enzyme Lison, on the other hand, in his exhaustive review of 
the histochemistry of phosphatases, frankly states that often some diffusion (i e of 
enzyme) obviously takes place which, m his opinion, is an artifact due to bad fixation 
In this paper experimental proof will be presented to show that diffusion docs 
occur, and that it does so after and not during fixation There is no evidence that it 
IS connected with bad fixation in the histological sense 


MATERIAL AND METHODS 
A Genaal 

Except where stated otherwise, all tissues were prepared as follows They w'crc 
removed from the animals immediately after these had been killed by concussion 
and bleeding from the caiotid arteries Small pieces of the tissues, not exceeding 
a few mm m thickness, were fixed in 80 or 95% alcohol (usually the latter), 
dehydrated in absolute alcohol, cleared in xylol, and impregnated wnth paraffin at 
56° C for 2 hr The whole procedure was ahvays completed within 24-30 hr Sections 
were cut at a standard thickness of 7/4, mounted on slides with a trace of egg-albumen 
and dried at 37° C , usually overnight 

The histochemical method employed for demonstrating the presence of alkaline 
phosphatase was a combination of Gomori’s (1939) and Rabat & Furth’s (19 fl) 
tecliniques, which was strictly adhered to except for the incubation period which 
was the main variable 

In view of the importance of the technique in a methodological study of tins kind 
a brief summary of it seems indicated The paraffin sections mounted on slides were 
treated m the following way xylol 1 mm , absolute alcohol 1 min , immersion in 
0 5% celloidm (m ether-alcohol ofl) 2 min , hardening of the celloidin film m 90% 
alcohol 5 mm , 70 % alcohol, distilled water a few mmutes They were then incubated 
at 38° C m the following substrate mixture 3 2 % sodium-,5-glyccrophosphatc 6 ml , 
2 % calcium nitrate 9 ml , 10 % sodium barbitone 6 ml , 0 1 ji-magncsium sulphate 
6 ml , and distilled water 33 ml The pH of this substrate bath, as tested by means of 
a universal mdicator, is about 9 4 After incubation and a brief rinse in distilled 
water the slides were placed m 2 % cobalt nitrate for 5 mm , washed m tlircc changes 
of distilled water (oeeupying about 2 mm), immersed m ddute ammonium sulpluj c 
2 mm , washed in runnmg tap water 1 mm , then dehydrated m the ''»J; ““ 
celloidm Him bemg dissolved in absolute alcohol or, more specdilj, in an ctlicr 
alcohol mature, cleared in xylol and mounted m Canada balsam No countersto 
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was used Any deviations from this basic procedure whieh were neeessitated for 
special tests will be referred to in the appropnate places 

Control sections were incubated in a 0 1 % calcium nitrate bath, the substrate 
bemg omitted, it may be said at this stage that in all instances these proved to be 
entirely and consistently negative 

B Special experimental procedures and results 
We developed tno experimental approaches tovards the problem at hand The 
first consisted of an arrangement m which sections of knoivn high phosphatase 
content were superimposed on sections known to be negative m this respect It was 
thought that, if diffusion is at work m a section with a high enzyme content bringing 
about a positive reaction (or ‘staimng’) in cells around the sites of high phosphatase 
activity, such diffusion should also affect a tissue which is placed underneath and 
that nuclei or cells — which are normally negative — could be made to appear to give 
a positive reaction 

Guinea-pig liver proved an ideal material to serve as underlying section Apart 
from isolated positive leucocytes and/or litoral cells in and along vascular spaces, the 
liver of guinea-pigs gives no phosphatase reaction m its parenchyma (PI 1, fig 1), 
at commonly employed incubation penods (i e up to 24 hr ) This holds true for 
paraffin as veil as frozen sections The fact that after excessively long mcubation 
(70 hr ) the nucleoli of the hver cells sometimes shov a faint ‘ stammg’, as Zorzoli & 
Stov ell (1947) have also observed, does not detract from the value of this tissue for the 
present purpose Furthermore, this very weak nucleolar reaction of the liver cell 
nuclei can be completely abolished by heating the section prior to it being used as 
underlying material 

The large polyhedral liver cells with their characteristic spherical nuclei constitute 
an easily recognizable tissue even when seen tlirough a superimposed seetion 
Renal medulla (from rabbits) was also used for the same purpose, its parenehyma 
IS well known to be histochemically phosphatase negative, and we have found that 
neither paraffin nor frozen sections prepared from it show ed any nuclear reaction 
even after 120 Iir of mcubation But structurally renal medulla is not quite so 
suitable as guinea-pig hver for the purpose of these expennients 
Sections superimposed mcluded duodenum, other parts of small mtestme and 
mid colon, and renal cortex of rabbits, and also small mtestme and renal cortex of 
rats and of gumea-pigs The heavy positive reaction given by the cuticular border of 
the small intestine and the convoluted tubules of the kidney need no further comment , 
but it is worth notmg that rabbit mid-colon shows often a strong positn e reaction m 
the tunica propria (affectmg practically all the structures of this la3'er) 

In detail, the procedure was as follow s First the ‘ negative ’ tissue was mounted and 
dried on a slide m the usual w ay Then paraffin sections w ere cut from the ‘ positive ’ 
material, and small segments of them floated on to the ‘negatn e’ tissue Care was 
taken to avoid much water accumulating between the two sections The double- 
mounted slide was placed m the meubator and dried overnight The phosphatase test 
was then performed m the manner desenbed 
It was found with all these tissues tliat after an mcubation period of 24 hr or more 
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there was clear evidence of the occurrence of diffusion as reflected in the undcrh incr 
gative sections The nuclei of the underljnng liver cells near sites of intense phos" 
phatase activity in the superimposed section showed a typical ‘positive’ reason 
ey were not ] et-black throughout, but showed intensely blackened nuclear nicni- 

do^^’ chromatin particles (PI 2, fig 6) There vas a definite 

down-gradient from the sites of intense enzyme activity, so that In cr cell nuclei sonic 
distance away from these sites showed no reaction at all (PI 2, fitr 5) The same 
result was obtained with rabbit renal medulla used as the basal negative section 
t was then thought possible, by varying the incubation period, to determine the 
time at which diffusion could first be detected, the criterion being a ‘positive’ nucleai 
reaction in the underlying tissue Sections from each series prepared were incubated 
for periods of 1, 1^, 2, 3 , 6 and 18 hr It was found that with enzymatically highly 
active tissue, such as the striated border of the small intestine, there could be detected 
a few ‘positive’ nuclei m the underlying section, very close to the border, in some 
instances at as short a period as j hr incubation (PI 1, fig 2), but not invaiiably so 
(PI 2, fig 7) At periods of 1 and hr , diffusion was more clearly evident and more 

consistent, and became quite obvious and regular at the commonly used periods of 
2 and 3 hr (PI 1, fig 3 , PI 2, fig 8) With times longer than this there was usually 
a further mcrease in intensity and spread of the ‘positive’ nuclear reaction m the 
underlying tissue (PI 1, fig 4 ), gradually approaching a maximum uhicli vas some- 
times reached at 18 hr incubation 

With paraffin sections of renal cortex as superimposed material diffusion vns 
weaker over the first 3 hr than ivith small intestine (PI 3 , fig £)), whilst with rabbit 
colon an intermediate result was obtained, after 13^ hr of incubation many liver cell 
nuclei lying underneath the positive tunica propria of the colon showed a definite 
‘positive’ reaction The occurrence of diffusion with this colon material seems of 
particular interest and significance, for here the enzyme is obviously distiibutcd and 
situated m a manner and at places different from what is found m the case ol 
intestinal and renal epithelium This observation therefore suggests that the 
phenomenon may, mdeed, have a widei application 

Furthermore, it should be noted that in these experiments a close parallelism i\as 
often found between the appearance and degree of the ‘positive’ nuclear reaction m 
the underlymg tissue and the spread of the reaction in the superimposed section 
itself When, for mstance, after 6 hr incubation a superimposed section of small 
intestine showed positive nuclei throughout its wall, the nuclei of the underlying 
gumea-pig liver cells were found positive over a similar area, 1 e up to and including 

those that lay underneath the muscular coats 

The existence of diffusion having thus been established, the question arose whether 
its occuirence was in any way connected with one or other of the various steps of the 
method employed and whether it could perhaps be influenced by ranking ccrlnm 
alterations m the technical procedure Of these, the covering will cello.dra and Us 
subsequent hardening were given special attention because, if 

was the enzyme itself, these steps seemed to be of particular importance Bu t nc.tlier 

of elloidm from 0 0 to 1 % nor the time of 
fun to 30 mm ) noi drying it m air (up to 15 mm ) prior to hardening, nor vnrjin 
StTmrofrrd;Igm90%alcohol^ 
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Diffusion occurred m all instances, but tbe impression was gained that drymg of the 
celloidm film m air beyond 3 mm pnor to hardenmg seemed slightly to reduce 
diffusion 

Omittmg the Mg-ions from the mcubation flmd, though somewhat weakenmg the 
mtensity of the reaction and retardmg diffusion, did not substantially alter the 
outcome, especially not after long mcubation periods 

That the process of embeddmg was not responsible for the diffusion phenomenon 
was shown by emplojnng frozen sections as superimposed matenal Alcohol-fixed 
renal cortex and smaE mtestme (from rabbit and gumea-pig) were used, some of 
which had been m absolute alcohol for 4 days, m order to ensure thorough fixation 
The results were even more impressive than with paraffin sections, the reaction as 
a whole bemg more mtense, and diffusion occumng readily and at shorter periods of 
mcubation (compare, for instance, PI 3, fig 10 with fig 9) This is not surpnsmg in 
view of the higher phosphatase content of frozen compared with paraffin embedded 
matenal (Damelh, 1946, CappeUm, 1947) 

The possible mfluence of the time for which the tissue is left m paraffin (at 56° C ) 
dunng the embeddmg process was also tested Two pieces of smaE mtestme from 
a rat were used, one bemg left m the paraffin bath for 2 hr , the other for 18 hr 
Sections from each were superimposed on gumea-pig Ever and treated m paraEel 
The picture obtamed of the phosphatase reaction and the amount of diffusion 
produced appeared to be about the same m both cases, short and long mcubation 
penods bemg studied 

^Vhllst exammmg the slides with sections of smaE mtestme superimposed on 
gumea-pig liver or renal medulla, we had noticed that withm the area correspondmg 
to the lumen of the gut there were, here and there, amorphous masses showing a deep 
blackenmg, and areas of liver cells (or renal meduEary tubules) underneath and 
around them also showmg a positive nuclear reaction, fadmg towards the penphery 
The contents of the smaE mtestme are weE known to be nch m phosphatase, and 
this would account for such a findmg It seemed, however, desirable to test this 
pomt by special experiments Senal dilutions (with water), rangmg from 1 5 to 
1 500, were made from mtestmal contents, fresh and alcohol-fixed, and a drop of 
, each dilution smeared and aEowed to dry on a section of gumea-pig Ever or renal 
medulla The phosphatase reaction was then performed This brought out areas of 
Ever celk (or renal meduEary tubules) with a strong nuclear reaction which became 
weaker towards the periphery of such areas The size and number of these areas 
decreased with the decreasmg concentration of the film of mtestmal contents This 
experiment clearly shows that a positive nuclear reaction can be artificiaEy produced 
by overlying phosphatase, and the gradient of the nuclear reaction strongly suggests 
a diffusion phenomenon 

DanieEi, m his work aheady referred to (1946), has used as underlymg sections rat 
kidney and spleen, and healmg wounds (aE contammg phosphatase) which had been 
heated to destroy the enzyme, and frozen sections of alcohol-fixed kidney as super- 
imposed matenal He was unable to detect any diffusion m significant amounts As 
his technique, especiaEy the composition of the mcubation flmd, differed sEghtly 
from ours, we appEed his techmcal procedure to our matenal and repeated a whole 
senes of the eiqienments, m some cases also heatmg the basic section for 40 mm at 
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Again diffusion was apparent in all instances, though the phosphatase 
paction as a whole tended to be less intense, due, m all probability, to the abLee of 
Mg-ions which are not included in the substrate mixture used b}' Danielh 

The second experimental approach was designed to find out whether certain parts 
of a section, which gave a positive reaction only after prolonged incubation, but 
which were suspected to do so as the result of diffusion from neighbouring areas of 
high phosphatase activity, would show a positive reaction, if first isolated by nnero- 
dissection and then subfected to the histochemical test apart from the parent tissue 
It was thought possible that such excised material would remain perniancntly 
negative and thus, m a negative way, provide further proof for the existence of 
diffusion 

For this purpose rabbit duodenum was used With this tissue it had been found 
that often, on prolongmg the incubation period, some or all the nuclei of Brunner’s 
glands and even those of the outer muscle coats became positive, the degree and 
extent of the reaction varying somewhat from animal to animal Somctmics only 
those acini of Brunner’s glands that lay towards the lumen of the gut vould shois 
a positive reaction, a fact which in itself seemed to suggest a diffusion process 

For these experiments duodena were selected which showed such marked jihos- 
phatase activity that after 24 hr ineubation or longer nearly all the nuclei of 
Brunner’s glands and the outer muscular coats as well as the usual sites showed 
a positive reaction (PI 3, fig 12), whilst after short incubation periods the said 
nuclei were negative (PI 3, fig 11) From paraffin sections of such material, floating 
in a small drop of water on a slide, peripheral wedges were cut out, under a dissecting 
microscope by means of a von Graefe knife, which were so chosen that tJicy contained 
only a very few acini of Brunner’s glands together with the adjacent muscle coats 
Incidentally, these glands are easily recognizable in such floating waxed sections, 
appearing greyish black m transmitted light The need for very small v edges mil be 
obvious from reference to Fig 11 of PI 3, which shows that, after only ^ hr incuba- 
tion, there can be found two sites of strong phosphatase activity the inner border of 
the lining epithelium and patches of tissue amongst Brunner’s glands It is difficult 
to decide on the nature of this tissue, but it appears, in part at least, to be comjioscd 
of capillaries Inclusion of any such patches in the excised wedges might, naturall> , • 
obscure the results However, by excismg and testing such wedges in suflicicnt 
numbers, this danger can be avoided The isolated wedges and the parent sections, 
from which they had been removed, were then mounted on separate slides, dried and 
treated in the usual way, wedge and ‘donor ’-section being incubated simultaneously 

m the same substrate solution , , p i 

Such suitably isolated wedges remamed negative when incubated for periods 
rangmg from 24 to 72 hr (PI 4, fig 13), whilst the parent sections and also whole 
neighbouring serial sections gave a generalized nuclear reaction in all tissucs,in- 

cludmg Brunner’s glands and the outer muscle coats Fig 14 of PI 4shonsarcc n- 

strLed picture of a parent section with the wedge that had been excised from it and 
incubated separately 
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ADDITIONAL OBSERVATIONS 

Having found that diffusion may become evident after only |hr of mcubation, we 
thought it would be mterestmg to study the results of even shorter mcubation periods 
Without gomg mto details of the vanous tissues thus mvestigated, it may suffice to 
put on record here that m the case of rabbit small mtestme an mcubation penod of 
2 mm only was enough to brmg out a strong reaction of the sfoated border of the 
epithehal cells, the remamder of the section bemg entirely negative (PI 4, fig 15) 

A further observation was made on the duodenum (also of rabbit) Its covermg 
epithehum commonly shows, m places, a positive reaction m the supranuclear 
region which, as Emmel (1945) has shown (especially m the mouse), is identical m 
position with the Golgi zone, and vanous suggestions have been made with regard to 
the functihnal significance of the presence of the en 2 yme here m relation to the 
supposed activity of the Golgi apparatus We found that mcubation for 20 mm 
produced a strongly positive reaction m the mtestmal border of the epithehum and 
a weaker, but defimte reaction m the Golgi region of many of its cells, whilst the 
nuclei and the remainmg cytoplasm were practically negative at this penod (PI 4, 
fig 16) This findmg might mdicate that the Golgi zone has an inherent, mdependent 
phosphatase activity Alternatively, it might suggest that its afiimty for whatever 
difiilses from the heavily rehctmg border is shghtly greater than that of the nuclei 
In view of the ease with which nuclei can be made to give a positive reaction m the 
close vicimty of foci of high phosphatase activity, we are, at present, mclmed to 
accept the positive reaction of this Golgi region as a genume one 

' DISCUSSION 

The experiments descnbed demonstrate that a process of diffusion mterferes m the 
standard histochemical methods (Gomon-Takamatsu technique) used for showing 
the presence of the enzyme alkalme phosphatase, m such a way that it will produce 
an apparent positive reaction m structures, especially nuclei, that contam no mherent 
histochemically demonstrable alkalme phosphatase Such diffusion is particularly 
favoured by the presence, somewhere m a histological section, of foci of high phos- 
phatase activity The longer the mcubation penod, the more likely is diffusion to 
occur, and our experiments mdicate that, at least for certam tissues, the mcubation 
periods commonly employed, i e 2-3 hr , are too long if precise localization of the 
enzyme is to be determmed, whilst penods of 20-24 hr , which have been advocated 
must, at least for many tissues, be regarded as excessive from this pomt of view K 
no more than an appraisal of enzyme activity is to be made, without the aim towards 
its exact localization, then there is no disadvantage m usmg long penods of mcuba- 
tion, m fact these might be favourable for makmg comparative estimates of enzyme 
activity m different tissues 

It Will also have become apparent that an estimation of all sites of enzyme activity 
in a histological section is a difficult matter, and is perhaps m many cases impossible 
with the standard techmque Diffusion wiU first occur from the sites of most mtense 
phosphatase activity with the result that not only inherently negative structures 
close to these sites might show an apparent positive reaction, but it may also affect 
and mask sites of weaker, but true enzyme activity The latter sites may mdeed 
need a longer mcubation penod to be revealed They can in this way be evaluated, 
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but only it they he well awny tom regions of intense enzi-me nctuitv and the 
intervening tissues show no reaction The Innilations of the method 
obvious, and discretion must be exercised 


are thus 

of the enTvmp Tt ic r 4 - assessment of the locahration 

P o the small mtestme have histochemically an inherent phosphalaso 

activity, a point to which we shall return later ^ 

To overcome or, at least, to reduce these difficulties we feel justified, if and vlicn 
exact localization of the enzyme is aimed at, m recommending first of all omission of 
the Mg-ions from the mcubation mixture, as is actually done by a number of v orkers , 
secondly, drying the celloidm film in air for 3—5 min prior to hardening in 90 % 
alcohol, though this point needs further testing and confirmation, thirdly, to perform! 
as a prehmmary expermient, such procedure as superimposing small sections of tlie 
tissue under investigation on paraffin sections of guinea-pig liver in order to deter- 
mine the maximum mcubation period which can safely be used without the result 
being complicated by dififiision 

In order to find out whether certain parts of a section have a weak enzyme activity 
that is being masked by diffusion, it might, in favourable instances, be possible to 
settle the point by an isolation experiment comparable with that winch v e have carried 
out on the duodenum, but it will not always be an easy technical procedure, and even 
micromanipulation may have to be resorted to 

Future tests of these kinds will reveal the rapge of the validity of our observation, 
for the number of tissues investigated so far has been naturally limited But it is 
worth noting that in these tissues which showed the occurrence of diffusion, the 
enzyme is in all probability situated in extra- or near-extracellular sites This holds 
for the striated border of the small intestine, the brush border of the convoluted renal 
tubules (see Danielli’s remarks on this point, 1946), and probably also for the tunica 
propria of rabbit mid-colon and similar sites in other parts of the intestine where fine 
reticular fibres are usually amongst the first structures to react In the loose con- 
nective tissue surrounding Brunner’s glands the reaction is often related to blood 
capillaries, where it might be due to the pliosphatase of the blood itself On the other 
hand, there seem to exist sites containing the enzyme, under the action of which 
diffusion does not occur, or at least not readily This is, for instance, the case with the 
mdividual cells in and along the sinusoids of guinea-pig liver whicli show an intense 
reaction , but there is no spread to the nuclei of the neighbouring liver cells In these 
cells, most of which are probably leucocytes, the reaction is strictly intracellular, 
affectmg predommantly the cytoplasm 

As to the pertment question of what constitutes the diffusing material, whether 
the enzyme itself or its reaction product, our experiments do not permit of a definite 
answer But some observations and considerations should be made on this question 
Danielli, when puttmg this problem to an experimental test, assumed that calcium 
phosphate would be the diffusing material, as he had observed that nuclei have a high 
affinity for calcium phosphate when this is precipitated in a section by non-cnzymic 
procedures As already stated, Danielli m his experiments with superimposed sections 
ffid not observe such diffusion We are unable to account for this, but it may be that 
ffis lice of material, especially renal cortex on heated -al 
an unfortunate one and must have presented considerable difficulty m 
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Howevo', it must be added that m some cases DameUi had evidence of diffusion, hut 
this occurred vhen the superimposed frozen matenal had come from 80% alcohol 
and had not heen taken mto absolute alcohol The phenomenon vras, therefore, con- 
sidered to be due to diffusion of the enzjTne itself from madequately fb^ed tissue 
This hnks up mth Lison’s contention, to ■which reference has already been made 
Our matenal does not sho'W signs of bad fixation in the histological sense As to the 
fixation of the enzjune m tissue sections, httle is known Lison was the first of the 
histochemists to dra-w attention to the fact that the enzjTnes (i e phosphatases) are 
present in the tissues m a lyo- and a desmo-vatiety He points out that it is onlj the 
latter which can be and is detected histochemicallj 
However, he does not make it clear which enzjune varietj is mvolved m the diffusion 
phenomenon There seem to exist, at least, two important possibihties (a) The lyo- 
enzjTne vanety has not been completely lost m the process of fixation, embeddmg, 
etc , and such as is left behmd gradually diffuses, whenever the matenal passes 
through waterj*^ solutions, mto the surroundmgs where it becomes anchored on 
suitable surfaces or mterfaces, especially such as are presented by cell nuclei, it then 
becomes active here and causes the precipitation of the phosphate If this is the 
correct interpretation of the diffusion phenomenon, inadequate loss rather than bad 
fixation of enryme would be responsible for it, and for precise localization an 
optimum loss of enzyme has to be aimed at — a rather precarious goal ! 

(h) If, on the other hand, the lyo-en:qnnes have, as is supposed, been completelj 
ehminated pnor to mcubation, then the phenomenon needs another explanation 
The desmo enzjmies, by definition, are held in their places Here they are active and 
as a function of tune and their own quantity produce mcreasmg amounts of calcium 
phosphate It is conceivable that not all the calcium phosphate formed will remam, 
or e\en find room, at the site of enzyme action, but that ■with time some ■will diffuse 
away and settle on other structures which ha've, for some reason or other, a high 
affinity for it Nuclei, as Danielh has sho-wn, are such structures It is then 
visualized here m the usual way and produces the apparent positive nuclear reaction 
Jlenten, Junge & Green (1944 a, b) have described a different technique for the 
histochemical demonstration of alkaline phosphatase by precipitatmg and visuahzmg 
the organic radical of a suitable substrate (calcium-)S-naphthyl phosphate) m the form 
of an azo-dye This method has been criticized because of its fadure to demonstrate 
nuclear phosphatase m such epithehal cells as those of the convoluted renal tubules 
(Loich, 1947) May it not be that, on the contrary’, the enzyme localization with this 
method is more accurate and less complicated by diffusion’ Perhaps the reaction 
product IS here not easdy adsorbed on to nuclear structures In other words, these 
observations might be used for argumg that in the Gomori-Takamatsu technique the 
calcium phosphate — and not the enzyme — is the diffusmg matenal 
Apart from these two mam possibilities considered so far, a further alternative 
exists It may be that many, if not all, nuclei actually contam the enzyme, but in an 
inactive form, and what diffuses is a substance counteractmg this inactu e state, 
either an activator itself or an mhibitor-remo-vmg substance Such hypothesis is 
particularly attractive m xnew of the important role the enzjme is supposed to plax 
in the nucleic-acid metabolism of nuclei It would also solve a discrepancy w hich 
exists between the results of chemical analysis of isolated nuclei (see below) and 
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hxstochemical evidence with which we are concerned exclusively m the nrosoni 
investigation Attractive as this idea is, our results with heated guinca-piff L'cr as 

n wd/Su^r^'^^ ’ diffusion effect, precludes its acceptance 

nf tTi ’ ^ obvious that further experimentation is necessary to decide vluch 

phe^nomraor^ possible explanations holds true and will account for the diffusion 

It IS not within the frame of this paper to discuss the problem of nuclear phos- 
phatase On chemical analysis of isolated nuclei, as ]ust mdicated, the cn 7 ynic has 
een frequently, if not invariably, found, but the number of types of nuclei thus 
investigated is still restricted On the other hand, it is certain that liistocliemically 
the restmg nuclei of numerous tissues are consistently phosphatase negative To what 
extent, then, can we trust histochemical evidence? The answer is usually given m the 
following form a positive result shows the presence of the enzyme, but a negativ e 
result does not necessarily demonstrate its absence (Cappellin, 1947, Lison, 1918) 
In the light of our work this conception needs some amendment Though a positive 
reaction doubtless indicates the presence of the enzyme, it does not necessarily gn c 
Its precise localization, nay, may even mask liistocliemically inherently negative 
structures As to a negative result, this may well demonstrate the absence of the 
enzyme under the conditions under which the tissue was examined Such a negative 
result should be compared, as to its validity, not with the enzyme content of ficsli 
tissue as assessed by chemical means, but with biochemical tests made on material 
treated m the same way as the section Only a discrepancy in the latter comparison 
would mvahdate a histochemically negative result. 

Fmally, the implication of this work with regard to the existing literature on the 
subject has to be briefly considered It^wiU be obvious that some work wliicli lias 
been done m the past will need some revising and amending It is impossible to 
enumerate all the instances m the literature in which the results and interprct.itio]is 
are clouded by this diffusion phenomenon In most cases positive nuclear reactions 
are reported without qualification, regardless of their situation in a section and 
possible vicinity to foci of high enzyme content Only very occasionally the word 
‘apparent’ has been added Yet a few examples, chosen at random, might be 
instructive Thus Horowitz (1942), investigating rat foetal heads with loci of high 
phosphatase activity, which are brought out witlim a few hours of incubation, 
states that, if incubated long enough, practically all tissues will show the presence 
of the enzyme This, according to the author, agrees inth chemical investigations 
which have shown that in most mammalian tissues the enzyme can be detected (but 
compare our earlier remarks on this point) Wislocki & Dempsey (194G), m their bone 
marrow studies, describe a positive reaction of the endothelium of vascular channels 
and of reticular fibres and also of the neighbourmg {sic’) developing blood cells 
The same authors (Dempsey & Wislocki, 1947), investigating various mammalian 
placentas, wluch give a strongly positive reaction at the border of 
epithelium, report that the nuclei of the mesenchymal cells in the cores of the v 111, 
tLugh negat?.e after 3 hr mcubation, are often positive in 
beyond 3 Im Again, Atkmson & Elftman (1947), m their interesting study on the 

"Xl of phos^ase actmty .n the o.ouse uterus 

remark that the enzyme content of the nucleus (i e of the epithelium) appears 
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rise -iMth the increment m cytoplasmic alkalme phosphatase, and also that, after 
prolonged stimulation, the amount of phosphatase m the penglandular stroma 
appears to be noteworthy 

The situation is more complex in such studies as Emmel (1946) earned out on the 
differential mhibition of alkalme phosphatase by potassium cyamde He found, 
amongst other thmgs, that the nuclear phosphatase of the mtestmal epithelium (rat) 
IS already inhibited at a lower concentration of KCN than that of the cuticular border 
(incubation period 3 hr ) There is as yet no definite evidence that these nuclei have 
histochemically an mherent phosphatase aetivity at all They mil always be positive 
at the commonly employed mcubation period of 2-3 hr , and might well be so as the 
result of diffusion If this is so, then Emmel’s findmgs would not indicate a differen- 
tial mhibition, but merely a graded suppression of the phosphatase at the border 
Mhich, at the lower concentration of KCN, will itself still give a positive reaction, 
whilst its activity is sufficiently mhibited so as to prevent diffusion from occurrmg 

To establish -whether or not these nuclei of the villus epithelium harbour histo- 
chemically an mherent phosphatase seems a rather important task This can be 
illustrated from yet another context pertammg to the relationship of nucleic acids 
and alkalme phosphatase Bracket & Shaver (1948) treated sections of alcohol-fixed 
mouse mtestines mth desoxynbonuclease The nuclei then became unstamable mth 
toluidme blue nor would they give a positive Feulgen reaction, but Gomon’s alkaline 
phosphatase reaction remam^d very intense The authors take this as evidence for 
the dissociation of desoxyribonucleic acid and phosphatase m support of Jeener’s work 
(1946) on isolated red cell nuclei Such emdence and mterpretation can only be 
accepted if and when it mil have been shown that diffusion from the striated border 
IS not responsible for the ‘positive’ reaction given by the nuclei of the mtestmal 
epithelium 

These examples, selected from the literature, may suffice to show the complications 
■which arise as a consequence of this diffusion phenomenon occurring in this other- 
wTse most valuable histochemical test for alkaline phosphatase, and their discussion 
might be helpful in indicating future lines of research 

SUMMARY 

1 An investigation has been made to determme the reliability of the standard 
(Gomori-Takamatsu) histochemical technique m demonstratmg the precise locahza- 
tion of the enzyme alkalme phosphatase 

2 Two different experimental approaches are described, the purpose of each being 
to determme whether or not diffusion occurs as a complication durmg the standard 
histochemical procedure 

3 It IS showm that a process of diffusion does m fact occur durmg incubation of the 
sections, leadmg to an apparent positive result in structures that contam no mherent 
histochemically demonstrable alkalme phosphatase 

k The degree and extent of the diffusion is roughly proportional to the mcubation 
period and is often quite marked after the commonly employed mcubation penods 
of 2-3 hr 

5 The implications of these findmgs are discussed 
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PliATE 1 

F]g 1 Guincj pig li' er 24 hr incubation Xote that except for a few blackened isolated cells m sinusoids 
the tissue is entirely negative x 190 

Fig 2 Rabbit duodenum on guinea pig bver J hr incubation Strong reaction of the striated border, of 
some mtestmal contents and agam some positive cells m the bver smusoids The nnclei of the 
intestmal epithebum and also some bver cell nuclei (upper left band comer) are just starting to give 
a famt positive reaction x 190 

Fig 3 Rabbit duodenum on gmnea pig bver 3 hr mcubation Ivote in this and the following three 
photographs the mcreasmg reaction given by the nuclei of the mtestme and the underlying bver cells 
xl90 

Fig 4 Rabbit duodenum on gumea pig bver 6 hr mcubation Note decrcasmg gradient of the 
hepatic nuclear reaction towards the upper left-hand comer x 190 


Plate 2 


Fig 5 Same preparation as that of Fig 4 x 130, to show the gradient more clearlj 
Fig 6 Rabbit duodenum on gumea pig bver 24 hr mcubation x 190 

Fig 7 Rabbit duodenum on rabbit renal medulla ^ hr mcubation All nuclei practically negatia e x 190 
Fig 8 Rabbit duodenum on rabbit renal medulla 3 hr mcubation Note strong nuclear reaction not 
onlj in the mtestme, but also m manj of the underlymg renal tubules near to the mtestmal border 
xl90 
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Fig 9 Rabbit renal cortex (paraffin section) on guinea pig ba cr 3 hr mcubation Note famt, but 
defimte positive nuclear reaction m the bver cells m the centre of the photograph x 190 
Fig 10 Rabbit renal cortex (frozen section) on gmnea pig bver 3 hr mcubation Note strong positii o 
nuclear reaction of the underlymg bver cells Compare inth Fig 9 x 190 
Fig 11 Rabbit duodenum 4 hr mcubation Brunner s glands and outer muscle coat practicallj negative 
But note the few positive connective tissue patches between the glands x 280 
Fig 12 Rabbit duodenum (same tissue as shown m Fig 11) 48 hr mcubation Note heavy po«iti\o 
nuclear reaction m Brunner s glands and also m the muscle x 280 
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Fig 13 Excised wedge from section of rabbit duodenum, containing Brunner s glands and outer muscle 
coat (same matenal as shown m Figs 11 and 12) 72 hr mcubation Result reaction entirely 

negative x 280 

Fig 14 Reconstructed picture with excised wedge and parent section Both were menbated sunul 
taneouslv, but separately for 24 hr x 200 approx 
Fig 15 Rabbit small mtestme 2 mm incubation x 190 
Fig 16 Rabbit duodenum 20 mm mcubation x 580 



[ 364 ] 


THE DEVELOPMENT OF MOUSE HAIR IN VITRO 
WITH SOME OBSERVATIONS ON PIGMENTATION 

By MARGARET H HARDY 

riw Stmngeways Resea, ch Laboratcy, Cmabndge, m,d Ihe Depart, aent a/Zaology, 
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INTRODUCTION 

In the past much attention was paid to the development and structure of hair, and 
more recently interest has turned to the elfects of nutrition and climate on hair 
growth Although very many factors have been shown to affect hair growth, little 
IS known of their mode of action, and a number of reports are conflicting There is 
need for further study of the interplay of heredity and environment and for an 
analysis of systemic and local effects on hair differentiation and growth 

Skin grafting has been used by many workers to study the physiology of hair 
growth Reed & Sander (1937) employed the special technique of grafting embryo 
mouse skin on to newborn mice Butcher (1946) transplanted pieces of the skm of 
young rats either subcutaneously or mto the peritoneal cavity of the donor anininls 
without mterruptmg the vascular or nervous supply 

There have been several attempts to alter the environment of hair follicles more 
thoroughly by making grafts to the developing chick Hiraiwa (1927) showed that 
pieces of rat embryos underwent differentiation on the chono-allantoic membrane 
of the chick, and claimed that normal hair follicles were developed Ilowcixr, 
Nicholas & Rudnick (1933), using the same technique, were unable to confirm his 
results for epidermal structures Reed & Alley (1939) sometimes obtained differen- 
tiation of hair follicles from embryonic and newborn mouse skm on the chick chorio- 
allantois Normal hair follicles differentiated m grafts of embryonic mouse tissues 
m the chick coelom made by Rawles (1940, 1947) 

Hair follicles were reported by Waterman (1940) m some of his grafts from mouse 
embryos to the omentum of the adult rabbit Grafts of rabbit and rat embryo 
tissues to the adult rat kidney and to the adult rabbit kidney and omentum were 
much less successful than grafts to the chorio-allantoic membrane of the chick 


(Waterman, 1936) 

All of the above techniques expose the skm and hair follicles to a blood-vascular 
system in which the volume and composition of the nutrient fluid is continually 
changing They are therefore unsuited to analytical studies of the effect of nutrition 
and environment on hair development and growth, although they have proved verj- 
useful for other purposes as in the study of pigmentation and some hereditary factors 

The obiect of the present work is therefore to develop a method for studying lair 
differentmtion and growth m the absence of a cnrculatory system Such a method 
could be used to examme the effect of nutrition, temperature, light and other 
radiations acting directly on the skm, without confusion from 'f 

To the knowledge of the writer only three attempts have been made previously 



The Development of Mouse Han 365 

to grow hairs in vHro, and of these only two have been published as short notes 
Strangeways (1931) obtained some differentiation of hair follicles when the skin of 
embr 3 'o guinea-pigs was growm in tissue culture, but she was more successful with 
the Mbnssae of the snout than with ordmary pelage hairs from the trunk ^Murraj 
(1933 a, &) made some unpublished obser^atlons on hair-follicle^ differentiation 
171 vitro from embrj>-o rat skin, and found that while Mbrissae developed normallj, 
tlie follicles of pelage hairs w'ere unable to do so Rawles (1940) referred in a footnote 
to a few trial tissue cultures of embrj^omc mouse skm made by Mr H L Hamilton, 
and reported that hair follicles differentiated, but gave no details 
The present paper describes the complete differentiation of hair foUicles and the 
growth of hair in evplants of embrjmmc mouse skin cultivated in vitro 


MATERIAL AND METHODS 

Most specimens of the house-mouse, Mus musculus, w ere from the laboratory stock 
of albinos, two were from a mixed stock wnth grej'-belhed agouti, or ‘wuld-type’ 
colourmg, and one was a mouse of the C57 Black strain Embr 3 ms from 10 to 18 
daj's post-coitus were used The ages were calculated to the nearest daj’’ from the 
time of mating, indicated by the vaginal plug, and w'ere checked by Gruneberg’s 
(1943) description of the external features In the case of embryos of 18 days or 
more, the vaginal bleedmg served as an additional check One, tivo or three members 
of a litter were used in each experiment, and pieces of the skm w ere fixed for controls 
The culture medium consisted of equal parts of fowl plasma and chicken -embryo 
extract The extract was prepared by adding two volumes of T 3 Tode solution to one 
volume of a mmced chicken embryo between 10 and 12 days old The explants w'ere 
transferred to fresh medium every 3-6 days 
Nine senes of hanging-drop cultures were made from the dorsal and lateral 
surfaces of the trunk, and occasionally the ventral surface also was used With the 
aid, of a low-pow er binocular microscope, a sheet of ectoderm w ith the underlymg 
mesoderm was removed from the bodj’- with fine cataract knives This sheet was 
cut into squares wuth a side of about 1 5 mm , and each square was placed on the 
surface of a clot of plasma and extract, wuth the mesoderm next to the clot The 
cultures, on in square cover-slips, w'ere inverted over 3xli in hollow -ground 
slides and incubated at 34 or 37°C Livmg cultures were examined under the 
microscope, individual follicles could be clearlj' seen and their progress recorded 
from daj' to daj’’ It was often possible to distmguish the individual cells composing 
a follicle and to follow their differentiation 
In the three series of cultures made by the watch-glass technique, larger pieces 
of tissue w ere cultivated in a greater volume of the medium than was used for the 
hanging-drop method In Exps 10 and 12 each explant consisted of the dorsal, 
lateral or ventral skm of one side of the trunk, and frequently mcluded also portions 
of the underljnng ribs, sternum or vertebrae In the cultures from 10-day embrj os 
of Exp 11 each explant consisted of the entire dorsal or ventral half of the trunk 
The watch-glass cultures, which were incubated at 37° C , were exammed dailj , 
the general state of hair follicle development was noted, but details could not be 
seen as clcarlj' as m the hangmg-drop cultures 
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MmgaietH Hmdy 

Cultures were fixed at intervals throughout each experiment and iKnnlK. 

ere cultivated These and the controls svere all fixed, usually Zenker’s fluid nitl, 
JtTsa Sta ’ ^b'ldded m paraffin and complete serial sections acre 

TwlVdSTna: P-" 

Normal hair development was studied from the tenth day of embryonic life up to 
the adult condition The normal skin fragments were fixed m Zenker’s fluid nitli 
or 5 /o acetic acid, embedded in paraffin or in ester wax by the method of Stccdmnn 
(1947), and cut and stained in the same manner as the cultures 
Living cultures and serial sections from both cultures and normal skin ncrc 
examined -with a polarizing microscope to observe the birefringence of hairs and 
other structures 


NORMAL DEVELOPMENT OP MOUSE HAIR FOLLICLES 

Among the many good histological descriptions of the development of hair in 
mammals are one by Segall (1918) for the gumea-pig and one for the rat by Dannccl 
(1931) Blauier (1892) figured two stages in the development of hair follicles in the 
mouse, and Oyama (1904) defined and illustrated four stages In a study of pig- 
mentation Hentschel (1930) figured the early and late stages of follicle diffcrcntintion 
found m the first few days after birth Gibbs (1941) described the development of 
mouse hairs and follicles during the first 15 days after birth, and reported that tlic 
pre-natal development was similar to that in the Australian opossum, Trichosin us 
vulpecula (Gibbs, 1938) Dry (1926) studied the hairs of mice from birth to 4 months 
by dissection of the follicles 

None of these authors correlated pre-natal hair follicle development m the mouse 
with changes in the skin or with the age of the embryos A summary is therefore 
given of the mam stages of development found in the present material The summary 
is continued until the end of the first 4 weeks after birth and is correlated with the 


observations of Gibbs (1941) and Dry (1926) There was considerable variation iri 
the length of the gestation period, but for this summary it is arbitrarily chosen as 
21 days, and post-natal ages are recorded as the number of days from birth, prefixed 
by a ‘ plus ’ sign The terminology for the mouse epidermis is that adopted by Hanson 
(1947) Reference is made to the measurements by Gibbs (1941) of the thickness 
of the epidermis and of the derma-plus-hypodermis The names of the hair-follicle 
tjrpes are those proposed for mammals m general by Wildman & Carter (1930), but 
reference is also made to the terms used by Gibbs and by Dry Since there arc 
regional differences m the rate of hair development, the age recorded for each stage 


applies only to the lateral trunk region 

The adult mouse has no sudoriferous glands, the transitory sudoriferous gain 
rudiments reported by Gibbs (1941) were not seen The mam features of the structure 
of an active hair follicle are illustrated m Text-fig 1 . ^ 

Stage 0 No follicles 12-13 days The epidermis consists of stratum gcrminaivu 

and periderm, sometimes also with a stratum intermedium one to two cells thick 
No hair follicles are present The derma is not differentiated from underlying me - 
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derm Blood vessels and ner\^es are present in the deeper part of the presumptive 
derma (PI 1, fig 1) 

Stage 1 Follicle plugs 14 da 3 's (Haarkeim stage of Oyama ) Plugs of epidermis 
extend into the mesoderm bj' the rapid drnsion of cells of the stratum germmatomm 
There is a condensation of dermal cells at the base of each plug These are the 
primary X follicles (pnmary follicles of Gibbs, monotrichs of Drj') The epidermis 
consists of stratum germinativum, stratum mtermedium and penderm 



Text fig 1 Diagram of a fully dex eloped mouse hair follicle 

Stage 2 Pre-papillae 15 days The bases of follicle plugs flatten pnor to invagin- 
ation The epidermis consists of stratum germmativum, stratum spmosum and 
periderm Cells of the panmculus carnosus muscle make their first appearance 
(PI 1, fig 2) 

Stage 3 Papillae 16 days (Haarzapfen stage of Oj^ama ) The bases of the 
follicle plugs are invaginated and rounded dermal papillae are formed The epidermis 
has stratum germmativum, stratum spmosum, stratum granulosum and periderm 
(PI 1, fig 4) 

Stage 4 Fibre cones 19 days (Bulbuszapfen stage of Oj^nia ) The dermal 
papillae are longer than they are vide In each follicle the elongated hardened cells 
of Henle’s layer form a cone pointing toward the skin surface The epidermis forms 
a stratum corneum (at 18 daj's) 

Stage 5 Hair canals 20 days A space appears in the stratum spmosum and 
granulosum above each de\ eloping hair follicle A slight sxvellmg at one side of the 
follicle marks the position of the future sebaceous gland (PI 2, fig 9) 

Stage 6 Hair formation 21 dajs, or at birth (Beginning of Scheidenhaar stage 
of Ojann ) Inside the fibre cone of Henle’s lajmr are distinguished the cells of 
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Huxley’s layer, the inner root sheath cuticle and the tip of a hair fibre iiith a cuticle 
nd cortex Pigment is seen in the epidermal cells of the ‘hair matrix’ m some follicles 
e epidermis is thick Connective tissue fibres form a reticulum in the derma 
e ween the derma and the panniculus carnosus is a hypodermis of loosely arraiwcd 
connective tissue with fat cells and blood vessels (PI 1, fig 7, PI 2 , fig 9 ) ^ 

Stage 7 Haiu in haii canals +1 day The tips of the first liairs have reached the 
hair canals Sebaceous cells appear in the sebaceous gland swellings Primary 
follicles (secondary follicles of Gibbs, awls and auchenes of Dry) appear betveen the 
primary X follicles as epidermal plugs The epidermis and the derma-plus-hypodermis 
are both increasing in thickness (Gibbs) 

Stage 8 Haps emeiged +2 to +3 days The tips of the primary X follicles 
emerge from the skin The primary Y follicles are differentiating (Gibbs) The 
epidermis and derma-plus-hypodermis are increasing in thickness (Gibbs) Tlic 
periderm and outer layers of stratum corneum are shed while the hairs are emcrcinc 
(Hanson) ' 


The above stages lefer to the complete differentiation of the primary X' hair 
follicles, while stages 9-13 are concerned with the formation of jirimary Y and later 
follicles 


Stage 9 ‘ Trio ’ follicle gt oups + 4 days Most primary X and primary F fibres 
have emerged Primary x and primary y follicles (tertiary follicles of Gibbs, first 
underfur follicles of Drj'') appear on either side of these to form groups of three 
follicles The epidermis is decreasing in thickness and the derma-plus-hypoderinis 
increasing (Gibbs) Connective tissue fibres in the derma form compartments around 
the trio groups The hypodermis is now full of fat 
‘ Stage 10 Development of secondary follicles +5 to +8 days Secondary follicles 
(quaternar}'^ follicles of Gibbs, further underfur follicles of Dry) are formed betivccii 
the central and lateral members of the trio groups From this time follicle groups 
are more difficult to distinguish An arrector pili muscle becomes attached to each 
follicle (Gibbs) The epidermis continues to decrease in thickness and the derma- 
plus-Iij’^podermis to increase (Gibbs) 

Stage 11 End of follicle length growth +14 days All follicles cease to grow m 
length The thickness of the epidermis remains constant, but that of the derma-plus- 
hypodermis IS now diminishing 

Stage 12 Fust lesting phase About +18 days The hairs have become thin at 
the base, their' growth has ceased and ‘hair bulbs’ arc being formed (the end of 
growth of G1 of Diy) The derma-plus-hypodermis is decreasing m thickness 

Stage IS Beginning of second giowth cycle About + 28 days A new generation 
of ‘companion hairs’ (G2 of Dry) begins by proliferation of cells at the base of the 


resting hair follicles , 

Melanin pigment is produced in the skin of mice and other mamma s in 
branched cells known as melanophores (Rawles, 1948) or pigmented den ri ic ce s 
(Billingham, 1948) Their colourless precursors, the melanoblasts, arc erive rom 
the neural crest (Rawles, 1940, 1947) They are to be distinguished from > 

cells in the derma which ingest but do not synthesize pigment granu cs, an 
have not been found m normal mouse skin (Stemer-Wour isc , ^ ^ t 

In the grey house-mouse Stemer-Wourlisch (1925) found melanophores first 
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the derma of an 18 mm embrjo (i e 17—18 daj's’ gestation, accordmg to the data 
of Gruneberg, 1943) These pigmented cells became darker and more numerous after 
birth, and similar cells appeared m the basal part of the epidermis Soon after birth 
the hair matrix contamed melanophores Hentschel (1930) found that as the hair 
greu , melanin granules appeared first m the cortex and then m the medulla 

In the C57 Black stram Rawles (1947) found melanophores were present at birth 
m the hair matrix and u ere lightl}'’ scattered m the derma They were absent from 
the epidermis, except m sparsely haired body regions such as the ears and tail, where 
the}’’ were numerous in both the derma and the stratum germmatnmm 

THE DEVELOPMENT OF SKIN AND HAIR FOLLICLES IN VITRO 
Skin pieces ■were cultivated for penods of from 1-3 weeks and most stages of differ- 
entiation of the epidermis, derma-plus-hj'podermis and hair follicles w ere produced 
The mam results are summarized m Table 1, w hich shows the most advanced stage 
of differentiation reached m each experiment In this section a summarj of the 
results and of the effect of modifications of teclmique wnll be followed by a more 
detailed account of development vi vitro 

(1) The numbers of successful cultures 

The degree of success of the tissue-culture method maj be judged to some extent 
from Table 1, but this refers only to the most advanced cultures m each experiment 
Table 2 shows the number and percentage of cultures m which some new stages of 
folhcle differentiation produced in vitro were recognized in histological sections The 
percentages represent mmimum values, smce manj cultures w ere fixed or discarded 
m the first few days, and m others progress was sometimes followed by retrogressive 
changes before fixation At least 48% of all cultures were successful when all ages, 
body regions, techniques and growth media were included When the mcomplete 
figures for Exp 9 are omitted the percentage is 54 Of the cultures from 12- to 14- 
day embrj os, excluding Exp 9, 68 % w ere successful 

A further idea of the progress of cultures may be gamed from the follownng details 
of Exp 6, m w hich the percentage of cultures show mg some differentiation was close 
to the a\erage for the 12- to 14-daj group 
26 cultures were prepared, 

9 explants developed to Stage 6 (hair fibres), 

6 e'xplants developed to Stage 4 (fibre cones), 

1 explant dev^eloped to Stage 3 (papillae), 

2 explants developed to Stage 1 (folhcle plugs), 

7 explants grew without differentiation of hau follicles, 

1 explant show ed no outgrowth 

Two of the SIX cultures which developed to Stage 4 were fixed at 21 dajs, and 
might hav e produced haus if cultivated for a longer period 

(2) The effects of different conditions of cultivation 

(i) Age of embryos From Table 1 it maj^beseen that the most advanced differentia- 
tion was obtained from embrj os between 12 and 14 davs old, but that vounger and 
older tissues also differentiated to some extent Table 2 shows that the percentage 
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of successful cultures wrs highest in i 9 fr» in r- 

j j> 1 g SL m tne i^- to 14-day senes of exolants Thn ^ilicrl^f 

n "t™ InZh 'f " dlvcloplt 

not iarge enough to affect the course of the 'experiments 

parts of the trunk The mid-dorsal skin of 10- and 12-day embryos was not verr 
suitable for explantahon because the eetoderm was particularly thin and fracdc 


Table 1 Summanj of Ussue-cultwe expettmenis 


Exp 

no 

t 

Method 

Age of 
embryo 
(days) 

Initial 

stage 

11 

Watch glass 

10 

0 

12 

Watch glass 

12 

0 

6 

Hanging drop 

12 

0 

9 

Hangmg drop 

12 

0 

3 

Hanging drop 

12 5 

0 

10 

Watch glass 

13 

0 

8 

Hanging drop 

14 

0 

6 

Hangmg drop 

14 

1 

1 

Hangmg drop 

15 

2 

7 

Hangmg drop 

15 

2 

2 

Hangmg drop 

18 

3 

4 

Hangmg drop 

18 

4 



Minimum 
duration of 


Normal ago 
in t’lio for 

Final 

culture penod 

Total age of 

the St ace 

for final 

explant at 

readied 

stage 

stage reached 

final stage 

in vitro 

in vitro 

(days) 

(days) 

(dajs) 

3 

<19 

<-f-8 

10 

8 

<18 

<+9 

+ 2 to +3 

8 

13 

+ 4 

+2 to +3 

3 

4 

10 

10 

5 

8 

20 5 

20 

8 

12 

+ 4 

+2 to +3 

5 

9 

+ 2 

20 

8 

10 

+ 3 

+ 2 to +3 

3^ 

6 

21 

IS 

G 

7 

+ 1 

21 

6 

3 

21 

21 

6 

4 

+ 1 

21 


Table 2 Numbers of cultwes which showed pi ogress in hav foUtcIc development 


No of cultures 

showing further Successful 



Age of embryo 

Total no of 

foSicle 

cultures 

Exp no 

(days) 

cultures 

differentiation 

(%) 

11 

10 

6 

2 

33 

12 

12 

12 

7 

58 

0 

12 

26 

18 

69 

9 

12 

38 

(8 + )’*- 

(21+) 

3 

12 5 

10 

8 

80 

10 

13 

11 

11 

100 

8 

14 

36 

18 

50 

5 

14 

14 

12 

80 

1 

15 

20 

4 

20 

7 

16 

36 

15 

42 

2 

18 

14 

0 

43 

4 

18 

10 

4 

40 


Grand total 233 

113 

48 


* Not all the cultures were examined histologically to determine follicle differentiation 


and there was little underlying mesoderm In normal development there are slight 
differences between regions in the rate of follicle differentiation, but equally great 
differences were found in vitro between explants from the same body region 

(ill) Hanging-drop and watch-glass cultures It ivill be seen from Tables 1 and 2 
that the two methods of cultivation were equaUy successful in producing follicle 
differentiation The hanging-drop cultures contained only epidermis and mesoderm, 
so that the extra tissues such as cartilage included in watch-glass cxplants ^\crc 
evidently not essential for follicle development In hanging-drop cultures the exp an w 
survived but did not show much progress after about 16 days m vitro, whi e ^ 

in watch-glasses still showed growth of epidermis, derma and follicles after } 
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The longevitj'- of the latter may be due to the greater original volume of the evplants 
or to the provision of additional mesodermal tissue and the mimmizmg of its loss 
bj migration The introduction of other tissues sometimes resulted m a depression 
of hair-folhcle development Thus m some iratch'glass cultures, when mammarj 
gland rudiments were explanted with the ventral body wall, they grew \ngoroush^ 
at the expense of the follicles This depression might be due to competition for 
nutnents, an accumulation of metabolites or a specific mhibitorj’^ effect In Exp H 
in which a i anetj’^ of tissues was included m each explant from a 10 day embrj o, 
the gut m \ entral halves and the otic capsule m dorsal halves grew and differentiated 
lerj rapidlj’’, but hair-follicle development was slow and limited to a few stages 
The chief ad%antages of watch-glass cultures, then, were the provision of extra 
tissue for mechanical support, and the longe\nLty of explants The chief advantage 
of the hangmg-drop method was the clear view of the livmg follicles 
(iv) The position of explanis in hanging-drop cultures In Exps 1, 2 and 6 com- 
parisons were made between two methods of placing explants m hanging-drop 
cultures In the usual ‘ on plasma ’ method the explant was placed on the surface 
of the medium wnth the derma next to the medium In the ‘ m plasma ’ method the 
explant was embedded m the clot svith the epidermis next to the cox er-shp In both 
cases the epidermis tended to roll up mto a ball surrounded by derma, and there 
was no appreoiable difference betw een the degree of differentiation of the cultures 
(x ) Size of explants In hangmg-drop cultures the larger pieces of skin xvith sides 
of between 1 and 2 mm were likely to produce more differentiation than smaller ones 

(vi) Incubation temperatures The effects on groxvth of temperatures of 8*1 and 37° C 
were compared m Exps 1, 2 and 6 The general health of the cultures was x'erj' similar, 
and there was no appreciable difference betxveen the rates of hair-foUicle development 

(vii) Frequency of subcuUivation In both hanging drop and xvatch-glass cultures 
the explants were transferred to fresh medium at intervals vaiying from 3 to 6 days 
Intervals of 3 or 4 days xvere usually not too great for the health of the tissues, and 
older cultures could be left for 5 or 6 days Explants incubated at 34° C did not 
need subculture quite so often as those incubated at 37° C 

(xnu) Saline component of the medium In the first ten experiments Tjwode solution 
was used for washing explants and for preparmg the chieken-embrjm extract In 
Exps 11 and 12 a comparison w as made betxveen TjTode and Pannett and Compton 
saline, which lacks glucose and has a different salt balance No differences xvere 
observed betxx een the tw o groups of explants 
(ix) Duration of experiments Each experiment bad a slightly different purpose 
and was therefore contmued for a difterent period Hanging-drop cultures were 
tnamtamed for from 7 to 17 days, and usually ceased to grow after about 16 days 
Some of the watch-glass explants xxere still grownng when fixed after from 18 to 
25 days in vitro 

(3) The general appearance and orientation of explanis 

Undifferentiated cells migrated into the medium from all health} explants The 
outgrowth XX as more extensix''e m hanging-drop than in watch-glass cultures 
Fibroblasts predommated, but epithelial cells were also found in the outgrowth 
from the skin of older embryos and from all explants after txx o or three passages 
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Js^Z ZZtr flat on the surface of a 

dermal side fTextTpl? nearly always curled up at the edges on the epi- 

withfli 4- ^ "^nth a contraction of the ectoderm and 

dais th mesoderm around and beneath it After a fen 

Ham fill T f frequently rolled into a hollow sphere surrounded by mesoderm 
Hair-foUicle plugs extended into the mesoderm in directions roughly normal to the 

t^zztrz 

all Z 7 spherical one they radiated from the central epidermis in 

directions In the latter case the tips of the hair fibres then grew towards the 




Text fig 2 The onentation of skin explants m hanging drop cultures Cross sections through the centre 
of culture chambers are represented In the upper diagram the skm is on tlio surface of the clot and 
the epidermis is beginmng to curl at the edges In the lower diagram the epidermis of an older 
culture has rolled mto a ball 


centre of the explant A great practical advantage of this orientation was tliat tlie 
development of follicles could be clearly seen around the edges of the explants ivithout 
vision being obscured by the thickening epidermis 

In most of the hanging-drop cultures from 15- or 18-day embryos tlie explnnts 
curled in the opposite direction, so that the epidermis surrounded the derma Ihc 
hair follicles were then imprisoned in a sphere of keratinizing epithelium, and sliowcd 
the effect of isolation from the nutrient medium by their small size and delayed 
development 

In the watch-glass cultures, in which the explants were many times larger than in 
hanging-drop preparations, and which contained cartilage and a greater quantity 
of mesoderm, the epidermis again tended to roll into a ball surrounded by mesoderm 
This feature was noted also in rat and mouse embryonic skin in tissue cultures by 
Hanson (1949), m mouse skin on the chick chorio-allantois by Beed & Alley (lO*})) 
and in mouse skin on the chick coelom by Rawles (1940, 1947) 
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(4) The htsiogenesis of the epidermis 

Hanson (1949) studied the differentiation in vitro of epidermis from 12- and 16- 
daj rat embryos and 16-day mouse embryos From the earliest stage, a single layer 
of cells m the case of the 12-day rats, a fully differentiated epidermis of stratum 
germmativum, stratum spmosum, stratum granulosum and stratum comeum was 
produced m culture This differed from normal epidermal histogenesis onlj’- in the 
persistence of the periderm and the formation of a hollou cyst by curlmg of the 
epidermis The present observations fully confirmed those of Hanson on the 16-day 
mouse embryo, and extended the mvestigation to 10- to 15-day explants The 
results may be seen by exammmg Figs 1-10, which show that the rate of differ- 
entiation was comparable with that in vivo The periderm and all layers of the 
stratum comeum persisted m culture and eventually caused distension of the 
epidermal cyst (PI 2, fig 11) IVhere the stratum comeum was on the outside of the 
culture and in contact with the plasma, it was frequently abnormal m appearance 

(5) The partial histogenesis of ike derma 

The mesodermal cells of explants made at Stage 0 multiplied rapidly and manj 
migrated outwards as fibroblasts (PI 1, figs 3, 5) In hangmg-drop cultures much 
presumptive dermal tissue was lost by outward migration, and even m w'atch-glass 
cultures where this tendency was mmimized, the derma of old cultures w'as thinner 
than m the young mouse By 21 daj's, as m normal development, a reticulum of 
connective tissue fibres had formed m the derma (PI 1, fig 8 , PI 2, fig 10) These 
fibres were predoramantly parallel to the dermal-epidermal junction There was no 
suggestion of a regular fatty layer corresponding to the hypodermis of normal 
development 

Smooth muscle fibres were sometimes seen, but these were not regularly attached 
to hau folhcles as arrector pill muscles Wien parts of the panniculus carnosus w ere 
included m cultures, they sometimes persisted 
The unmature blood cells m vessels of the mesoderm survived for some days but 
eventually degenerated Nerve fibres w'ere not seen m cultures, and presumably 
they, too, degenerated 

(6) The histogenesis of hair follicles 

The first eight stages of hau-folhcle development described above, from the 
appearance of epidermal plugs to the emergence of haus from the skin, were pro- 
duced m vitro, thus the complete histogenesis of an mdividual hair follicle may be 
accomplished in a smgle tissue culture Even skm from 12-day embryos, 2 days 
before normal follicle development (PI 1, fig 1), was capable of producing hairs m 
culture, skin from 13- and 14 day embryos was equally^ successful, and follicle 
deielopment began in cultures from 10 day embryos (Table 1) Stages 9-13, which 
were not reported in vitro, refer only^ to the development of new follicles and to the 
cessation of hair grow th 

The general shape of the hau follicles and the detailed structiue of the dermal 
papilla, root sheaths and grownng hair were stnkmgly' similar to those in normal 
embryos and ymung mice This is best seen by a study of Figs 2-10 
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There was much variation between individual explants, but those vith hcaltln 
growing derma and epidermis usuaUy had a number of normal hair follicles In 
general, hair-folhcle development vitro in the most successful cultures corres- 
ponded exactly to that VIVO up to the stage of the 2-day old mouse m vhich the 
tips of the hairs are emerging (Stage 8) After that, however, there was little further 
c ange in the explants, although the formation of hair from the existing follicles 
and of stratum corneum continued for some time Instead of becoming tluck, the 
hairs remained very fine and did not develop a regular medulla, their grovth in 
length was less rapid than m the young mouse, and there were no nell-dcfincd 
clusters of new follicles around the older ones The longest follicles, lacking the 
support of a fatty hypodermis, usually lost their radial arrangement and tended 
to he parallel to the skm surface (PI 2, fig 11) Sometimes the epidermal plugs of 
new follicles which developed later than the reticular fibres of the derma seemed 
unable to push through this layer, and for that reason they too remained near the 
epidermis The sebaceous glands arising from epidermal swellings at the side of the 
follicles (PI 1, fig 8) sometimes produced a few differentiated sebaceous cells 
(PI 3, fig 18), but did not enlarge further 


(7) The late of liati follicle development 

In Table 1 a comparison is made between the time taken in vitro to reach the most 
advanced stage of follicle differentiation in each experiment, and the time taken 
in VIVO to reach this stage on the lateral trunk region In some cases the develop- 
ment times recorded for cultures were too long because the explants were only fixed 
at intervals of 3 or 4 days However, the table indicates that m most experiments 
differentiation in the best cultures was about as rapid as it is m normal development 
The conclusion was the same when intermediate stages were examined For example, 
Stage 5 (20 days in vivo) was reached by cultures at 20 days m Exp 12 (8 days in 
vitro from 12-day explants) and at 21 days in Exp 10 (18 days in vivo and 8 days 
111 vitio) Stage 6 (21 days in vivo) was reached at 21 days in Exp G (12 days in vnw 
and 9 days in viti o) (PI 1, fig 8) and at -f 1 day in Exp 5(14 days in vivo and 8 daj s 
in vitro) Figs 2-10 illustrate the similarity of rates of development in vivo and 
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In hanging-drop cultures it was often possible to observe daily the stage of follicle 
development, checking the final stage by histological examination The rates of 
development of a few typical cultures are compared with the normal rate in Table 8 
It will be seen that follicle development in cultures was at about the same rate as in 
the embryo, although sometimes a day or two faster or slower On the whole, 
agreement was remarkably good There were, of course, some less healthy cu turns 
m which development was slower, and some m which differentiation was followed 


by retrogressive changes 

(8) Mitotic activity 

There is a high m.tot.c rate m the normal skin of embryos and 
(194T) found mitoses m from 2 to i% of all nucleated epidermal cells betivccn 10 
and +10 days These occurred only in the stratum germinativum and for 
period in the pexiderm and stratum spmosum 
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Qualitative examination of the present material shoi\ ed that the mitotic rate is 
high m the stratum germinativum between follicles and still higher m those parts 
vhich are formmg follicle plugs Cells of the outer root sheath contmue to divide 
for at least 10 days after birth, while the follicles are mcreasing in length Those 
cells -which form the hair matrix divide actively during the period of hair growth 
Mitoses are also frequent m the derma for some time after birth 


Table 3 Stages of follicle development in some living cultures 
Exp 5 (age of 

embryo, 14 dava) Exp 6 (age of embryo, 12 days) 


Stage 


Age m days 

171 VtlO 

No 61 

No 63 

No 105 

No 108 

No 112 

No 11 

13 

0 

— 

— 

0 

1 

1 

0 

14 

1 

1 

1 

0 

1 

1 

0 

15 

2 

1 

1 

1 

— 

1 

1 

16 

3 

2 

2 

1-3 

3 

2 

— 

17 

3 

3 

2-3 

3 

3 

2 

3 

18 

3 

3 

3 

3 

3 

3 

3 

19 

4 

3-6 

3-4 

4 

4 

4 

4 

20 

6 

3-6 

4 

4 

4-6 

4-6 

4-6 

21 

G 

6 

6 

4-6 

6 

6* 

4-6 

+ 1 

7 

7 

7 

4-6 

6-8 

— 

6 

f2 

8 

8« 

7-8 

6 

6-8 

— 

6 

+ 3 

8 

— 

8 

6 

6-8 

— 

6 

+4 

9 

— 

8 

6* 

8* 

— 

6* 


♦ From histological exammation 


In general, healthy explants resembled normal skm in the distnbution and fre- 
quency of mitoses during follicle development Mitoses tv ere present for a fairly 
long time in vitro Even after 25 days’ cultivation (no 246 m Exp 10), dniding 
cells were still found m the epidermis, derma and hair follicles 

(9) The size of follicles and hairs 

In the embryonic period the healthiest explants developed follicles not only at 
the same rate as in vivo but also of the same size In the early stages the follicles 
IV ere sometimes even larger than their counterparts in the embryo, as may be seen 
by comparing Fig 3 with Fig 2 at t-wnce the magnification In cultures in -wluch 
the general health was poor, the follicles were often abnormally small This wms -n'cll 
illustrated m a few explants such as no 249 in Exp 10, m -which follicles at Stage 3 
situated near the culture medium -were very large, while others at the same stage 
but separated from the medium by a fold of epidermis v, ere abnormallj small 
Just after birth, the full}’- keratinized hairs in the largest follicles of normal skm 
are from 3 to 6/t m diameter, and the diameter of follicles at the level of keratinized 
hairs IS about ten times greater Some follicles are about six times longer than they 
are wade The fibres are circular m cross-section and consist of a cortex surrounded 
by annulate cuticular scales, as described by Dry (1926) Many follicles and fibres 
of similar shape and size were produced in intro (PI 2, figs 11-15) 

In the first fortnight after birth the follicles m normal skin double or treble their 
length and the hairs become much thicker, although there is great vanation betw een 
follicle types, body regions, individuals and strains in these characters Primary X 
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and F fibres may become as much as 80fc wide for a short distance, and diameters 
of from 10 to Uy are frequent m all fibre types Nearly all fibres develop a septate 
or septulate medulla (Dry, 1926) The medulla occupies half or more of the vidtli 
01 the fibres, so that the mcrease m volume of keratinized cortex is not as great 
as fibre thickness measurements would suggest Some hairs reach a length of 6 mm 
or more At about +9 days primary Y follicles and fibres become kidney-shaped 
m cross-section (Gibbs, 1941) 

By contrast, the hairs and follicles in cultures remained small Follicles sometimes 
elongated after Stage 8, but not to the same extent as in normal skin Fibre thickness 
reached from Qy (PI 2, fig 14) to lly (PI 2, fig 11), but raiely more Occasionally 
there were traces of medullation, but no regularly septate medullae were formed 
Most fibres were round or oval in cross-section and none were kidney-shaped 
Growth in length was much slower and no fibres longer than 0 5-1 0 mm were found 


(10) Follicle types and follicle population density 

The hair follicles which appeared first in culture may be identified with the 
primary X follicles of the embryo In normal development the earliest of these 
follicles are -widely spaced at approximately equal distances from one another, 
and new follicles then appear in the sjiaces between them (PI 1, fig 4) The same 
tendency was observed in some cultures (PI 1, fig 5) At Stage 7 in vivo the primary 
F follicles appear, forming irregular rows with the primary X follicles (Gibbs, 
1941) In cultures new follicles appeared at about the same stage, but they were 
not arranged in rows The later distribution of follicles in groups which is character- 
istic of mammalian skin and which is definite, though transitory, in tiic mouse 
(Gibbs, 1941), was not observed in vitio 
Normal follicle grouping and density could hardly be expected in cultures where 
the skin was no longer stretched over an expanding body surface but iias curled 
up in a ball No counts were made of the number of follicles per unit of skin area, 
but in the younger cultures at least the density was roughly comparable with that 
of corresponding stages in vivo (PI 1, figs 2-8) 


(11) The fine structure of haiis 

Each hair grown in tissue culture consisted of a cortex surrounded by cuticular 
scales (PI 2, figs 11-15) Both layers ivere formed from epidermal cells of the liair 
matrix by cytological changes similar to those observed in normal skin Hair for 
mation in culture was preceded by the appearance of an outer root sheath, Ilcnlc s 
layer, Huxley’s layer and the cuticle of the inner root sheath in exactly the same 
manner as in vivo (PI 2, fig 13) The ‘keratinized’ fibre m the upper part of the 
follicle and above the skin surface stained differentially in saturated aqueous pienc 
acid in the same manner as the ‘keratinized’ part of normal hairs, while the imir m 
deeper parts of the follicle remained unstained with picric acid both in vivo nnd 
m vitro The physico-chemical basis for the very specific retention of picric acic y 
the hairs when it is lost from the stratum corneum, root sheatlis, medulla am a 
other skin structures is unknown, but it is a useful distinguishing feature of hair 
normal histology This ‘keratinized’ portion of hairs fails to take up a wi e va i > 
of histological stains in both normal and cultivated skin 
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The birefringence of mouse hair follicles was similar to that of human hair which 
has been described bj Schmidt (193i) Freshly plucked mouse hairs mounted m 
water show an mtense positn e unia-ual birefringence of the cortex m the direction 
of the shaft A w eak birefringence is obsen ed a short distance above the papilla, 
and this increases to maximum intensity near the zone of maximum stainmg wnth 
picnc acid The examination of sections show s that birefrmgence in the ‘ keratmized ’ 
part of the hair is a erj much stronger than that of the same thickness of hair m the 
deeper part of the follicle or than that of the stratum comeum or inner root sheaths 
Parts of the inner root sheath are birefnngent in the direction of the hair shaft, whde 
the stratum comeum shows orientation m the plane of the skm surface 
In sections of tissue cultures the inner root sheaths, hairs and stratum comeum 
had normal birefnngent properties The hairs were weak!} birefrmgent m the deeper 
parts of the follicles, but m the ‘keratmized’ portion they ivere verj much brighter 
than any other stmctures in polanzed light Hairs m hnng cultures were also 
stronglj birefnngent 

The obsenations described above show that there is a close similarity between 
the histogenesis of hairs in viiro and in vivo Histochemical studies of hair develop- 
ment in the normal animal and m tissue cultures iviU be reported elsewhere 

(12) Pigmentation 

Melanin pigment was produced m vitro in the two experiments mth watch-glass 
cultures from pigmented strams of mice No pigment cells were found in the watch- 
glass or hanging-drop cultures from the embrjos of albino mice 
In Exp 10, 13-day litter mates of the C57 Black stram were used Each explant 
consisted of half of the I'entral body wall, wnth epidermis, mesoderm and dei'elopmg 
cartilage Branched melanophores were found m all of the slx explants fixed at 
+4 days or later (i e after 12 or more days in vitro), and m one of the two fixed at 
21 days (after 8 days in vitro) These cells could be distinguished m the linng cultures, 
appeanng first m the derma (PI 3, fig 16) or m the derma and hair follicle matrix 
(H 3, figs 19, 21) between 21 and -t2dajs Pigmented hairs (PI 3, figs 20-22) were 
first recognized between +6 and +8 dajs, and sections re\ealed that melanophores 
were sometimes present also m the deeper part of the epidermis In one explant, 
in addition to melanophores in the stratum germmatnnim, pigment granules were 
seen m some cells of the stratum spmosum (PI 3, fig 17) 

In Exp 12 the source of the 12-day embryos was the laboratory stock of mice of 
agouti colounng No melanophores were found m any of the five explants of dorsal 
or 1 entral bodi'' wall fixed at 21 days ThcA' were present, how eA’^er, m two of the three 
evplants of dorsal body wall fixed at -f 5 days and in one of two explants of \ entral 
bod) wall fixed at 9 days It w as seen from the Imng cultures that melanophores 
appeared in these explants betw'een 18 and +2 daAS, and pigmented hairs between 
+0 and -1-7 dajs The melanophores were first seen in the derma or in both the 
derma and hair matrix Sometimes they were recognized early as pale branched 
cells which became gradually darkened with melanin m the next 1 or 2 days The 
histological sections showed melanophores m the epidermis as well as in the derma 
and hair matrix Pigment granules were found in the cortex of hairs in two explants, 
and m one of these some of the differentiatmg cells of the epidermis also contained 
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TOr(Tablfi^r'‘^°i‘‘t' m tl>«e cultures «.„„ ,„ 

( 1), and when this is taken into account the time of appearance of nielano 

p lores in various layers of the skin can be regarded as normal 

Another interesting observation was made in eertain cultures in each of the abo\c 
experiments Some of the hair follicles failed to produce normal keratinized fibres 
m mtw, formmg only cords of nucleated cortical cells ]\Iany such follicles had 
melanophores in the hair matrnx, and pigment v as produced and extruded as thougli 
normal hams were present to receive it, so that a cylinder of clumped melanin 
granules was pushed to the skin surface (PI 3, figs 18, 19) It was not possible to 
determine whether the pigment cylinders consisted of dead melanophores or mcreh 
of granules deposited from them The process was observed both in living cxplants 
and in fixed material The absence of normal hair foimation v as confirmed m sections, 
where there was no normal haii outline, marked picric acid affinitj’’ or strong bne- 
fnngence in the pigment cylinders Sometimes normally keratinized and pigmented 
hairs were found in the same explant as these pigment masses (PI 8, fig 22) A feu 
irregular pigment masses were found extracellularly in the derma in some old cultures 
(PI 3, fig 16), but these were much less consjiicuous than the cylinders fiom liair 
follicles When an explant contained many hair follicles the melanophores ucrc 
concentrated m them, but when hair-folhcle formation was deficient, tlie pigment 
cells were numerous in the derma and sometimes also in the epidermis No c\tenst\ c 
migration of individual melanophores was observed and none was found in the out- 
growth of fibroblasts and cpitliehal cells 

DISCUSSION 
Pioblevis of Imtogcnesis 

Nothing is known of the factors which induce hair-foIIicIc formation from the 
mammalian skin The cause of the growth of ncAV ban follicles from the base of old 
ones in the hair cycles of rodents is also unknown, although this is associated ivith 
an increased blood supply (Haddow, Elson, Roe, Rudall & Timmis, 1945), and with 
many other physiological factors It is interesting to note, therefore, that in the presen t 
experiments hair follicles formed m viii o in the absence of any tissues except the 
epidermis and underlying mesoderm Cheino-diffcrentiation of tlie skin for hair-follicle 
formation apparently occurs before the tenth day in the mouse embryo, and the work 
of Rawles (1947) ivith coelomic grafts suggests that it may take place as early as the 
eighth day Tissue cultures have shoAvn also that neither a blood circulation nor 
nervous stimulation is necessary for the initiation of follicles, although both blood 
%ressels and nerves weie present m the mesoderm at the time of exploitation Any 
influence of fluids normally bathing the surface of the embryo is also cxchi c 
A factor stimulating the formation of hair follicles is extremely ^ 

in a culture medium of avian origin, especially as the time o o ic c im m 
depended on the total age of the tesnes and not on the duration of ”” j 

seems most probable that the embryonic ectoderm and mesoderm arc not depend 
on any outside influences for follicle formation . ^ 

The pattern of hairs m the skm presents many interesting , 

mlmals, the first, or primary A’ follicles in the mouse arc rather regularl, spaced, 
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and later follicles appear in positions related to them Either this pattern is already 
laid down m the skm or each developmg follicle becomes surrounded a small 
zone where development is mhibited There are difficulties m accepting either theory 
The present studies have thrown little light on this problem except to show that an 
equally regular spacmg of primary X follicles can be obtained in skm removed from 
blood capillanes and nerv^es 

Not onlj could the differentiation of hair follicles begm in vitro, but it could 
proceed to completion with all the manj' morphologically distinct layers m normal 
relation to each other This complete self-differentiation took place m a relatively 
constant medium, entirely anan m origin The follicle parts were formed in the right 
order and at the normal rate, and they w ere the same size as those m vivo durmg 
the differentiation period Thus the medium, at least qualitatn el3% lacked none of 
the essential requirements for follicle differentiation and hair growth from ectoderm 
and mesoderm 

In the fowl it vas shown bj' Lilhe & Wang (1944) that the dermal component of 
a feather papilla induces differentiation m the epidermal component It is possible 
that a similar state of affairs exists m the hair follicle, this has not been investigated 
In tissue cultures it nas noted that no epidermal plugs formed m the absence of 
mesoderm, and that dermal papillae could not be distmguished m areas from which 
the epidermis had been remoi ed 

Hair canal formation 

Gibbs (1938) described the events leading to the formation of a haur canal m the 
epidermis above a developing follicle m Trichosuriis vulpecula A plug of cells 
connected -with the differentiated sebaceous gland pushes outwards, causmg the 
cells of the stratum spmosum in front of it to dismtegrate, formmg a small canal 
which IS quickly keratmized A similar process was reported m the sheep (Wildman, 
1932) and the mouse (Gibbs, 1941), but not in mammals generally, where the for- 
mation of the hair canal is usuallj' regarded as a function merety of the upper laj ers 
of the epidermis 

In the present studj^ a connexion between the sebaceous gland and the formation 
of a hair canal was not satisfactordi established m normal mouse skm 

Hair canals m the mouse were observed in vitro m hanging-drop cultures, both 
in the living tissue and m sections Although m explants a sebaceous gland sw elling 
usuallj appeared at the tune of haur canal formation, no differentiated sebaceous 
cells were seen at this period The few follicles w hich produced differentiated sebaceous 
cells did so at a much later stage The hair canals w ere formed by^ the keratimzation 
of cells in the epidermis, and appeared to be quite normal No connexion was 
observed between the sebaceous gland swelhng and the hair canal and it seems 
that in the mouse skm, at least in vitro, differentiation of the gland cells is not 
essential for the development of a hair canal 

Pigmentation 

Rawles (1940, 1947), usmg grafts to the chick coelom, showed that the precursors 
of pigment cells had migrated to all parts of the skin of the mouse bj' the tivelfth 
da\ of gestation The present observations on tissues cultii ated m a non-cellular 
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of fowk ^TT H dominant and recessive vhite breeds 

Dhores tissues from the albino mouse did not produce melano- 

LntfV "" However, it is possible that white dendritic cells are present, as ni 

P ted guinea-pigs and albino rabbits (Billmgham, 1948) or that the melanophorcs 
1940^^ 111 the pigmented strains, as is the case with fovls (Hamilton, 

^ The differentiation tn vitro of mammalian melanophores is apparently a er\ 
^milar to the process in tissue cultures from birds (Koller, 1929, Dorns, 1988, 
Hamilton, 1940) To the knowledge of the present Avriter the only previous obser- 
vation of mammalian pigment cell differentiation m culture was that of IMurra} 
(1933a) The deposition of pigment granules from melanophores into the medium i\as 
observed in chick explants by both Dorns and Hamilton, while Grand & Cameron 
(1948) described the same process in cultures of mouse melanoma tissue It has noiv 
been demonstrated that melanophores can also deposit their pigment in the hair 
cortex in viiio The process was similar to that in the normal mouse as described 
by Steiner-Wourlisch (1925) The few differentiating epidermal cells Avhich contained 
pigment were first seen after the epidermal melanophores had appeared and were 
only found in areas where the latter were numerous It therefore seems likely that 
melanin in these epidermal cells also was derived from melanophores 

No extensive migration of dendritic cells was observed after they had become 
pigmented, and in this respect they resembled the fowl melanophores in vitro 
(Dorris, 1938, Hamilton, 1940) 

No evidence was found in support of the belief of Stemer-Wourlisch (1925) and 
Hentschel (1930) that, the epidermal and hair-matrix melanophores are independent 
of the dermal melanophores On the contrary, observations in vitro support the 
suggestion of Rawles (1947) that there is a balanced distribution of melanophores 
between the tliree regions No morphological difference was observed in viiio 
between pigment cells of the derma and epidermis 

Although the pigmentation process in normal skin and hair is easily upset by 
changes in the environment (Reed & Henderson, 1940, Butcher, 1945), melano- 
phores of the mouse skm in tissue culture were much less sensitive than those of 
pigmented breeds of fowl (Hamilton, 1940) Pigmentation could even occur normally 
in vitro in hair follicles in which normal keratinization was not taking place The 
tissue-culture technique may, therefore, be useful for studying some of the out- 
standing problems of melanin formation in mammals 

Compai ison of the tissue-culture technique for studying hair growth 
with some other experimental methods 

The present experiments on embryonic mouse skm were much more successful 
in producing the differentiation m vitro of the follicles of pelage hairs than verc 
those of Strangeways (1931) on the guinea-pig or Murray (19336) on the ra 
Strangeways cultivated the skm of embryos of various ages but J , 

obtain hair-folhcle differentiation of more than one or two stages o 
Murray (19336) referred to the thick stratified epidermis r 

normal kvalopment of the folhelea of pelage ha.rs It may be tha he th.nner 
epidermis of the mouse is more suitable for w vitro studies of hair iollicies 
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Varjnng degrees of success in hair-folhcle development vere reported by those 
using the chick chorio-allantoic graft method (Hirama, 1927, Nicholas & Rudnick, 
1933, Reed & Alley, 1939) Even the most successful and highly vascularized grafts 
of Reed L Alley did not persist as long or produce follicle differentiation as con- 
sistently as the tissue cultures 

Grafts of the embryonic skm of the mouse to the chick coelom -were much more 
satisfactory In the first expenments by Rawles (1940) 61% of grafts ‘took’, and 
in a later series (Ravrles, 1947) 77% were successful Hair follicles and hairs were 
produced in most of these implants Rawles noted that hair development was more 
abundant from 11- to 12-day embryonic grafts than from 8- to 10-day tissues An 
illustration to the second paper shows that one graft at least had meduUated hairs 
from 7 to 12/i thick and about 700/t long At a total age of 4-10 days, some hairs 
ivere said to be several millimetres long The hair follicles were normal in histological 
detail and very similar to those groivn m tissue cultures in the present experiments 
Tissue cultures and coelomic grafts thus illustrate to a similar degree the capacity 
of mouse skm and hair follicles to differentiate m an avian environment A greater 
volume of keratinized hair was produced by the coelomic graft method, probably 
because of the presence of a blood circulation 

It is considered that the tissue-culture techniques described in this paper possess 
some advantages over all of the graftmg techniques for the purpose of studying 
the effects of the non-cellular environment The nutritive medium, though complex, 
IS relativelv constant, and its chemical constituents may be analysed at any time 
dunng the experiment Any nutritive substance, enzyme or mhibitor may be added 
to the medium to produce its effect directly on the skm Tissue culture permits the 
continuous observation of histological changes m hair follicles in a way that is not 
possible by any other technique 

Limiting factors to continued hair growth 

There are many possible reasons why hair growth cannot at present be maintained 
indefinitely Smce differentiation and the synthesis of hair keratm is completed in 
culture, nutritional deficiencies are likely to be quantitative rather than qualitative 
There may be too little of the raw material or of the enzymes for hair synthesis, or 
these may be in the wrong proportions It is interesting to note that there was no 
apparent reduction m the rate of formation of keratmized stratum comeum The 
stimulus to cell division may become inadequate, yet a high mitotic rate is mamtained 
in the epidermis Mechanical factors arismg from the abnormal orientation of follicles 
may be partly responsible, but they did not prevent good hair growth in the chick 
coelom grafts of Rawles The better results from coelom grafts suggest the impor- 
tance of vascularization 

Some of these possibihties will be mvestigated m future work 

/ 


SUMMARY 

1 Skin from the trunk of mouse embryos of 10-18 days’ gestation was grown m 
hanging drop and watch-glass cultures on a mixture of fowl plasma and chicken- 
embryo extract 
Anatomy 83 
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h„t °f hair foUicles took place in embryonic skin of nil n.es 

I obtamed from the skin of 12- to 14-day enibrvos " ’ 

6 All stages of hair-follicle development up to the emergence of hairs from tlie 
s in were produced from undifferentiated ectoderm with some underljnng mesoderm 

4 The histological structure of the hair follicles and hairs formed in culture was 

1101/1X19.1 

5 In the most successful cultures, follicle differentiation took place as rapidly 
as in the embryo, and the follicles and hairs were of normal size When the tissues 
reached an age corresponding to the second day after birth, hairs continued to grow 
for about a week but they did not become as large as m the young mouse 

6 Dendritic cells appeared in culture, developed melanin granules and deposited 
these in growing hairs in vitro 


This work was undertaken during the tenure of an Overseas Studentship of the 
Council for Scientific and Industrial Research (Australia) I am grateful to Dr H B 
Fell for providing facilities at the Strangeways Research Laboratory and Prof 
J Gray for facilities at the Department of Zoology, Cambridge Dr Fell’s guidance in 
tissue-culture methods and her interest and encouragement are greatly appreciated 
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EXPLANATION OF PLATES 
Photographs bj Jlr V C Norfield and Jfr G Lenney 


0 

Nucleus of hair cortex cell 

MG 

Slelamn granule 

Cr 

Stratum comeum 

Ms 

Mesoderm 

Cu 

Nucleus of hair cuticle cell 

0 

Outer root sheath 

Cul 

Nudens of inner root sheath cuticle 

P 

Dermal papdla of ham folhcle 

F 

Fibre cone 

PC 

Panmculus camosus muscle 

G 

Stratum germmativum 

PP 

Pre papilla 

Gr 

Stratum granulosum 

Pr 

Penderm 

H 

Hair 

B 

Reticular layer of derma 

HG 

Hair canal 

S 

Stratum spmosum 

He 

Henle’s layer 

SG 

Sebaceous gland swellmg 

Hi 

Huxley's layer 


Early primary X folhcle 

Jlf 

Melanophore 


Later primary X folhcle 


Plate 1 


Pig 1 Vertical section of skin of 12 day mouse embryo at Stage 0, showing the epidermis and under 
lymg mesoderm with immature blood cells (control to Eip 6) Efrematoxyhn, chromotrope y572 
Pig 2 Vertical section of skin of 15 day mouse embryo at Stage 2, mth two early foUicle plugs and one 
larger folhcle at the pre-papdla stage (control to Exp 7) Haematoiyhn, chromotrope x 185 
Pig 3 Horizontal section of an entire culture of skm from a 12 5-day mouse embryo after 3 days tn 
vitro (no 37, Exp 3) The explant has reached Stage 2, and several hair folhcles are seen m the 
section Haematoxyhn, chromotrope x93 

26 2 
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of Sinn of a 16 day mouse embrjo at Stage 3, shoeing the pattern of carK 
nd late primary X foUieles Haematoxylm, chromotrope x 59 ^ 

Honzontal section of an entire culture of skin from a 14 daj mouse embryo after 3 daj s ,n t dro 

IWmET follielesi n+. Sfoo.^ Q ce Tr> cn . , , •' m iiiro, 


Showing foUicles at Stage 3 (no 66, Exp 6) Haematoxylm, chromotropc' x59 

J?ig 6 A dee;^r section of the same culture showmg the arrangement of the enrhest primary X follicles 
m rows Haematoxylm, chromotrope x 69 

7 Obhque section of skin of newborn mouse at Stage 6, showmg hair follicles of ^arlOlls sizes, the 
largest contammg mmute hair tips mside the fibre cones Haematoxyhn, chromotropo, picric acid 

8 Horizontal section of a culture of skm from a 12 day mouse embryo after 9 days in idro, at 

Stage 6 and showing many hair foUicles (no 129, Exp 6) Haematoxj lin, chromotropo, picric 
acid x90 ^ '• 


Fig 


Fig 


Plate 2 

Fig 9 A hair folhole in the skm of a newborn mouse at Stage 5 The epidermis is fully diffcrcntiatod 
and two younger foUicle plugs are also seen Azan x 243 ’ 

Fig 10 Part of a culture of skm from a 12 5 day mouse embryo after 8 days in vilro, shouing a follicle 
at Stage 5 (no 45, Exp 3) The epidermis is fully differentiated and the centre of the oxplant is 
filled with stratum comeum Azan x 243 

Fig 11 Portion of a culture of skm from a 14 day mouse embryo after 16 days tn v\iro, showing two 
foUicles lymg in the derma paraUel to the skm surface (no 63, Exp 6) Haematoxylm, chromotropo, 
picno acid x 270 

Fig 12a, 6, c Three adjacent sections of a hair follicle m skm from a 13 day mouse embryo after 12 days 
iw vitro (no 260, Exp 10) Haematoxylm, chromotropo x 369 
Fig 13 Part of the section shown m fig 126 at higher magnification showmg the follicle sheaths and the 
formation of the hair from the cortex and cuticle cells Haematoxylm, chromotropo x 12G0 
Fig 14 The field shown m fig 13 at a differentfocal depth to show the surface oftho hair with its cuticulnr 
scale pattern Haematoxylm, ohromotrope x 1260 
Fig 15 A hair emergmg from its foUicle mouth m a culture from a 13 daj mouse embryo after 19 days 
m vitro (no 241, Exp 10) Haematoxylm, chromotrope, picno acid x225 


Plate 3 

Fig 16 Part of a culture from a 13 day mouse embryo after 25 days in vitro, showmg two molanophoros 
m the derma (no 246, Exp 10) Haematoxylm, chromotropo, picric acid x 766 
Fig 17 Part of the epidermis m the same culture, showmg melanophores m the stratum gormmativiim 
and processes from these ceUs between the ceUs of the stratum spmosum Some epidermal cells in 
the stratum spmosum and stratum granulosum contam melanm granules Haematoxylm, chromo 
trope, picric acid x 396 

Fig 18 Section through a hair foUicle m the same culture, showmg melamn granules m the follicle 
above the dermal papdla, and a smaU sebaceous gland Haematoxylm, chromotropc, picric acid 

x603 1 , r 

Fig 19 Part of a culture from a 13 day mouse embryo after 22 days m vitro, showmg a cylmder of 

melanm pigment which has been extruded from a foUiclo (no 247, Exp 10) Haematoxylm, 

ohromotrope, picric acid x 599 

Fig 20 Part of the same culture, showmg a normal pigmented ham Haematoxylm, chromotropc, 

picric acid x 855 . ti * 1 

Fig 21 Part of the same culture, showmg a normal pigmented hair m transverse section Haematoxylm, 

ohromotrope, picnc acid x 599 lu i n 

Fig 22 Part of the same culture, showmg on the right a normal heavUy pigmented hair and on the left 
a foUicle which is extrudmg pigment granules Haematoxyhn, ohromotrope, picno acid x 6U J 
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Neurological Anatomy tn relation to Clinical Medicine By A Brodal (Pp ^’■ 4 - 
496, SO figs , 3 plates 1948 42s ) Oxford University Press 

The part which anatomy plays m the field of clinical neurologj is well recognized but, in ^^ew 
of the tendencj' to extreme speciahzation and the mass of hterature w Inch dadj accumulates, 
there is ob%ious need to re\new the whole field of neuro anatomj and to attempt a correla- 
tion with neuro phjsiology and chmcal neurologj' This difficult task is ablj' imdertaken bj 
Dr Brodal, who wiselj' avoids the tendencj' to produce ngid schemata which so often proie 
a stumbling block to further progress Thus he demonstrates not onlj the extent to which 
anatomj assists m the understanding of cluneal mamfestations, but also the pomts on which 
academic findings are inadequate, so prondmg a stimulus to further effort m the anatomical 
field 

It IS imphcit m a work of this nature that agreement on aU pomts is not to be expected and 
that it IS impossible for one author to has e first-hand know ledge of the whole range of this 
rapidlj expanding subject Dr Brodal minimizes these difficulties bj' quotmg Ins sources of 
information throughout the text and provides an excellent selection of references These, 
together wath a valuable mtroductory chapter on the significance of the vanous neuro- 
histologcal teehmques, should assist those not direetlj conversant with the limitations of 
such procedures to develop a cntical approach to the subject 

The book is disnded mto a senes of chapters, each deahng with a separate functional 
sjstem m terms of its anatomy, phjsiology and the mamfestations of experimental and 
pathologcal lesions 

The order m which Dr Brodal presents the vanous sj stems is difficult to understand For 
e'liample, the mtroductorj' chapter is followed bj a consideration of the spmal motor neurons 
The reader is then plunged mto a section deahng with the pjoamidal tract and motor area 
of the cerebral cortex, before reaching the portions concerned with the ‘extra-pjcramidal’ 
s) stems and the sensory apparatus Although it is clear from the text that the author fuUj 
appreciates the unportance of the ‘ extra -pjrramidal’ sj'stem m voluntarj' movements, the 
abo\e order tends to obscure the close interrelation of pjTarmdal, extra-pyrarmdal motor 
mechanisms and the sensory sj'stem m the control of muscular actmtj It is mterestmg 
that Dr Brodal, in an excellent chapter on the cerebellum, considers first the afferent and 
then the efferent pathways of this organ with a great mcrease m cJantj' compared with the 
method followed in the book as a whole 

It IS perhaps unfortunate that the vascular system with its importance m the ongm and 
development of many pathological processes receiv'es only passmg mention A few nunor 
maccnracies which have here and there crept mto the text might well be altered in later 
editions For example, it is stated m relation to the organ of Corti that the apical coil 
mediates sounds ‘of the highest pitch’ 

Despite these cnticisms and the fact that the chmcal descnptions at times outweigh the 
anatomy, this book should prove of verj considerable value to those alreadj acquainted 
mth the gross anatomy of the nervous system It mil appeal to advanced undergraduate 
and postgraduate students as well as to the chmcal neurologist who should find it useful not 
onlj for Its intrinsic v alue but also as a source of references for further studj 

The hook as a whole is pleasantly produced The pnntmg and reproduction of diagrams 
and plates is excellent and, despite the fact that much of it is the author’s translation of the 
ongihal pubhcation in the Norwegian language, it is readable and easilj comprehended 

G J BOVI.VXES 
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Just 70 yeare after the publication of Prof Cunningliam’s Dissector's Guide there non 
appears the 11th edition of his Manual of Practical Anatomy The new edition appears under 
a single editorship, and m lus ^eface Prof Brash pays a graceful tnbute to his Collaborator 
m the two previous editions, Dr E B Jamieson Prof Brasli is to be congratulated on 
achieving the rare distinction of bnnging out a new edition \nth fener instead of more 
pages than the previous one 


The mam change between this and the 10th edition of 1940 is in the reduetion of the 
number of pages and m the quahty of the paper, whieli have combined to form a senes 
of much smaller volumes The new edition differs from the repnnts of the 10th cliicfly in 
tlie order of dissection of the brain, winch now proceeds from the brain-stem iipnards 
The new, almost ‘art’, paper employed gives a bright, wlute surface to the page, but one 
fears that it may show, even more than usual, the marks of the net and greasy fingers 
of the dissectors, but this is a misfortune that must befall any book brought into the 
dissectmg room It does seem that this paper is apt not to take the tjqie nell, and this is 
found in several of the figures, particularly the radiographs in vol 1 On some pages a 
curious heavier type suddenly appears among ordinary type 

A number of new radiographs of injected vessels have been introduced into vol 1 
Though these show more vessels than the old Plates which they replace, the %'csscls arc 
almost too numerous and the radiograplis are rather dark, so that it is not easy to identify 
some of the structures 

They are bnght, pleasant books to use, neat and handy to shp into the pocket, and 
the series \vill surely maintain the lugh reputation of Cunningham’s as a dissecting manual 

C M ULST 


Evolution of the Forebrain By G W H Sciiepers (Pp 207 and bibliography 
1948 50s ) Cape Town, South Africa Maskew Uliller, Ltd 

Tlus monograph, winch claims to deal with the fundamental anatomy of the telencephalon, 
IS based on the author’s study of the structure of the brain of a chelonian reptile, Tcsludo 
geometnea About half of it is taken up with a description of the arrangement of nerve cells 
and fibres and of the blood vascular system m the forebrain of this animal , the rest consists 
of a very speculative account of the structural and functional principles involved and of the 
evolution of the forebrain from invertebrate ancestors to man Considerable use is made of 
literature earlier than 1935, but there are few references to ivork later than this date 
The descriptive part of the -work is of some value It is based on the study of serial 
sections stamed by the usual neurological techniques including silver impregnations and 
Golgi methods It does not, however, go further than several similar descriptions nlnch 
have been pubhshed for other reptihan brains and there is little evidence for any critical 
appreciation of the hnutations of the methods used So far as one can tell, since there arc 
few if any references to particular preparations or techniques, the description is hasecl 
principally on the appearances in a transverse series prepared by a Cajal silver inipregna ion 
method, a senes winch is lUustrated by a number of draivings The other 
which are numerous, are with few exceptions diagrams illustrating the ^ , 

logical and functional interpretations It is not clear nhat use, if any, has cen m 
cXmatenal, and for these reasons among others it is difficult assess the value o m 
nteSretations Tte .s particularly unfortunate since, from "oS m 

gmmOma the author is frequently led to a reinteiprctation of the findings 
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different reptilian brains wth mIiicIi, apparently, he has no first-hand acquaintance One 
mai also doubt whether some of the morphological features descnbed, such as shallow 
grooies on the surface of the brain or small branches of blood-\ essels, are either defimte or 
constant enough to carry the n eight of theoretical mterpretation which is placed upon them 
Tlie second part of the -nork nhich attempts to deal iviththe fundamental prmciples of 
forebram morphology (‘morphological fimdamentahsm’, to use the author’s term) is too 
obscure and has too httle foundation on obsenation to merit serious consideration The 
argument becomes almost u holly abstract and speculative, and divorced from the matenals 
mill nfiicli neuro anatomists are accustomed to nork Detailed criticism is unnecessary 
Tlie author introduces a neu or modified terminology' for the reptihan bram which seems 
to have few advantages There is no mdev, comphcated abbrevuations and symbols are 
used not only for labelhng the figures, but also in referrmg to particular structures m the 
text, and no alphabetical key to these abbreviations is provided The book is therefore 
difficult to read and loses most of any value it might have as a descnptive aecoimt of 
a cheloman brain f goldbv 

Lehrbuch der Embryologie By' BRA^DT (Pp xii-f 648, 472 illustrations 1949 
Swiss fr 56 ) Basel S Karger 

‘Die Entvncklungsgesclnchte ist der wahre Lichttrager fur Untersuehung uber orgamsche 
Korper ’ It is wuth this quotation from v on Baer that Dr Brandt ends the text of tins 
admirable new surv ey of human dev elopment A readmg of the text makes it obvuous that 
the author does not pay' mere hp service to the v on Baer dictum He uses the embry ological 
torch not only to illumme adult relationships and dev elopmental abnormahties but also to 
throw hght on the wider biological significance of the facts recorded Further, and as was 
to be expected m a book by one w ho has made important contnbutions to our know ledge of 
development, much of the text is first hand and the whole of it is permeated by' a real 
awareness of the biological status of the problems mv'olved 
Dr Brandt divides the subject matter of his v olume mto two parts, one on general and the 
other on special embry ology Tlie general part occupies the first 171 pages of the book and 
deals with such topics as the sex cells, fertihzation, cleav'age, the germ lay ers, the organizer 
raechamsm and determination It also includes an account of the early' development of the 
human embry o, of embry'omc and foetal growdh and of twinmng and descriptions of im- 
plantation, of placental development and of general reproductiv'e phy'siology' This section 
appears, to the reviewer, to be both succmct and well informed Indeed, apart from detail. 
It can only be suggested that the descnption of menstruation should come before that of 
implantation and that the account of foetal measurements is a httle too detailed 
The second part of the book extends over 456 pages and is concerned with organogenesis 
and with certain related problems of developmental phy'siology It mcludes an excellent 
summary' of the author’s micro raampulative teclimque for the experimental study of the 
development of organs This section of the book does not appear to be qmte as satisfactorv 
ns the first This is doubtless due to the extraordinary' difficulty , with the present em- 
barrassing nchness of our knowledge of descriptive embry ology , of presentmg organogeny 
m a well balanced maimer Personal knowledge of and, in a sense, special affection for 
certam organs or regions is bound to result m an over-emphasis of some aspects at the 
expense of others Nevertheless, the reader of this section will find much that is new , at 
least to those who have not followed the German hterature of the last twenty v ears, and he 
mil be stunulated m particular by the descnptions of the determination problem as it 
affects, for example, the development of the gut and its denv'atives and of the joints 
So far as the rev’iewer can judge the text is well written At any rate the German is not 
difficult to follow The book is well printed and produced and many of the figures are 
excellent A great defect, howev'er, is the absence of a bibhography' This absence is the 
more surpnsing, and tantalizing, in that there are many author references, with dates, in 
le text There is, however, a good subject mdex 
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